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TRANSACTIONS. 


I. — On  Steam-Boilers  and  Steam-Engines. 
By  JOSIAH  PARKES,  M.In8t.C.E. 

In  a  former  paper*  "  On  the  Evaporation  of  Water  from  Steam-boilers,"  I  laid 
before  the  Institution  several  tables  shewing  the  evaporative  product  of  three 
distinct  classes  of  boiler  in  common  practice ;  with  remarks  elucidating  various 
phenomena  which  attend  combustion,  and  the  treatment  of  fuel.  I  now  propose 
to  investigate  and  compare  the  peculiar  properties  of  those  and  other  boilers* 
as  exemplified  in  their  practice ;  to  show  their  points  of  agreement  and  disagree- 
ment ;  to  exhibit  their  respective  merits  and  demerits  as  evaporative  vessels ;  to 
point  out  some  general  laws  which  may  contribute  to  give  greater  uniformity 
to  the  results  of  evaporation  from  any  assigned  heated  surface  of  boiler,  and 
enable  the  employer  of  a  boiler,  not  only  to  ascertain  if  he  is  using  his  fuel 
economically  or  wasteiully,  but  to  apply  a  remedy  should  he  find  his  practice 
imperfect. 

I  stated,  in  the  paper  referred  to,  that  **  had  we  a  full  knowledge  of  the 
relative  strength  of  the  coals  employed,  and  full  information  of  the  respective 
areas  of  the  grates,  and  of  the  heated  surface  of  the  boilers,  an  investigation 
into  the  causes  of  the  superiority  of  one  boiler  over  another,  both  as  regards  their 
evaporative  power  and  evaporative  economy^  might  be  instructively,  if  not  success- 
fully entered  upon,"  The  tables  in  that  paper  give  the  amount  of  evaporation, 
the  weight  of  fiiel  consumed,  and  the  temperature  of  the  water  entering  a 
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variety  of  boilers ;  by  further  tabulating  the  dimensions  of  the  se^'eral  boilers, 
the  area  of  their  grates,  the  area  of  their  heat-absorbing  surfaces,  with  the  rates  of 
combustion  and  evaporation,  we  have  every  element  for  the  proposed  investigation 
and  comparison,  excepting  one,  viz.  the  relative  strength  of  the  coals  employed. 
This  is  a  deficiency  which  cannot  be  supplied,  but  the  absence  of  that  know- 
ledge^interesting  and  useful  as  it  would  be — will  not  be  found  to  af5ect  those 
general  principles  which  conduce  to  the  economy,  durability,  and  safety  of 
steam-boilers,  principles  which  depend  on  the  construction  and  proportion  of  the 
vessels  to  the  work  required  of  them,  combined  with  their  management  and  the 
application  of  the  heat. 

Evaporation  is  the  measure  of  the  useful  effect  obtained  from  any  given  weight 
of  fuel  of  any  kind.  By  comparing,  therefore,  the  product  from  one  boiler 
with  that  from  another,  and  by  observing  the  results  of  different  modes  of 
practice  on  the  same  boiler,  the  value  of  any  arrangement  of  the  parts  of  an 
evaporative  vessel,  with  its  fitness  for  its  intended  purpose,  can  be  ascertained. 
For  the  sake  of  cleaniess,  I  shall  confine  my  remarks  on  the  steam-boilers  under  < 
review  to  Part  I.  of  this  paper,  so  far  as  regards  the  elucidation  of  their 
qualities,  and  performance  as  evaporative  vessels,  their  general  management,  and 
the  phenomena  attending  the  combustion  of  the  fuel. 

Evaporation^  when  combined  ^vith  the  knowledge  of  the  duty  done  by  an 
engine,  is  also  the  measure  of  the  useful  tffect  of  a  given  weight  of  water  in 
the  shape  of  steam,  as  an  agent  of  mechanical  power ;  and  it  furnishes  the  only 
true  test  of  the  value  of  different  systems  of  applying  steam.  Were  we  ignorant 
of  all  the  other  properties  of  steam  besides  those  of  its  elasticity,  its  expansive- 
ness,  and  its  condensibility,  we  could  still — if  acquainted  with  the  weight  of 
water  which,  in  the  shape  of  steam,  has  passed  from  the  boiler  through  the 
cyhnder  of  an  en^ne,  and  produced  a  certain  effect — arrive  at  a  practical  and 
precise  determination  of  the  efficiency  of  that  steam  as  a  motive  force,  and  of 
the  relative  excellences  of  different  engines. 

During  the  infancy  of  the  steam-engine  the  quantity  of  water,  as  steam, 
necessary  to  produce  a  given  effect  or  dnfif^  was  as  much  the  object  of  consi- 
deration by  the  chief  improvers  of  the  engine,  as  the  quantity  of  coal  consumed. 
It  formed  the  subject  of  continual  trial  and  laborious  study,  both  experimentally 
and  practically,  by  Smeaton,  and  it  was  the  basis  of  Watt's  discoveries. 
Smeaton,  with  his  characteristic  accuracy  of  detail,  has  recorded  the  particulars 
of  the  boilers,  evaporation,  consumption  of  fuel,  and  duty  of  the  Long  Benton 
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engine,  which  was  the  model,  and  may  l)e  called  the  gauge  of  the  perfonnaDce 
of  the  best  engines  on  the  atmosplieric  i)rinciple.  I  have  transferred  the  jKu-ticulars 
of  these  boilers  and  engine  to  the  ensuing  tables,  not  only  as  interesting  matters  of 
history,  but  as  useful  evaporative  and  comparative  facts. 

I  am  acquainted  with  no  other  recorded  trial  of  the  whole  quantity  of  st«!am 
passing  through  Watt's  double  engine  than  that  made  by  himself  and  Rennie, 
at  the  Albion  Mills ;  I  have  also  extracted  these  particulars,  and  tabulated 
them  as  affbrding  a  specimen  of  that-  which  was  considered  by  Watt  himself  as 
the  full  performance  of  his  rotative  engine.  The  duty  done  by  the  engine  at 
the  Albion  Mills,  as  estimated  by  the  quantity  of  sica7n  used,  has  probably  not 
been  exceeded  by  any  one  of  the  same  unexpansive  kind  since  constructed  by 
Watt,  or  other  makers,  though  in  a  few  instances  less  coal  may  have  been 
consumed  through  more  skilful  management,  and  the  use  of  better  boilers. 

The  bushel  of  coal  was  originally  fixed  by  Watt  as  the  measure  of  the  duty 
done  by  the  pumping  engine.  It  was  presumed  that  the  engine  which  con- 
sumed the  least  coal,  required  the  least  steam,  and  doubtless,  on  the  aggregate 
of  engines  of  the  same  class  having  similar  proportions  of  parts  and  boiler,  and 
using  the  same  kind  of  coal,  this  would  be  true.  For  commercial  purposes, 
also,  when  the  maker  was  paid,  as  Watt  originally  was,  a  certain  share  of  the 
saving  in  coals  which  he  effected  over  other  engines,  the  weight  or  measure  of 
fiiel  burnt,  compared  with  its  effect,  formed  the  most  convenient  criterion  of  the 
merit  of  the  engine  between  its  maker  and  its  employer.  Hence  originated  the 
denomination  of  duty,  as  the  weight  of  water  raised  one  foot  by  a  bushel  of  coal. 
The  constant  association  of  this  standard  in  the  minds  of  engineers,  has  probably 
been  the  cause  that,  not\vithstanding  the  progressive  improvements  in  the  per- 
formance of  pumping  engines,  in  Cornwall  especially,  we  have  remained  in  utter 
ignorance  of  the  progressive  diminution  in  their  consumption  of  steam.  From 
neglecting  to  determine  this  indispensable  datum,  it  has  chiefly  arisen  that  the 
reports  of  the  Cornish  engineers,  as  to  the  duty  done  by  the  modem  high  pres- 
sure expansive  engines,  liave  been  so  long  either  discredited  or  doubted.  A 
loophole  has  been  left  for  disbelief,  by  their  referring,  from  fixed  habit,  to  an  uft- 
certain,  rather  than  to  a  certain  standard  of  comparison,  and  though  in  a  district 
of  England  where  every  engineer,  and  every  employer  of  an  engine,  (persons 
the  most  interested  in  ascertaining,  and  the  most  capable  of  determining,  and 
profiting  by  the  truth,)  have  been  for  ^--ears  satisfied  as  to  the  preeminent  supe- 
riority of  the  high  pressure  exj^ansive  over  Watt's  low  pressure  engme,  never- 
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Iheless,  strong  assertion  has  never  been  idle  beyond  the  confines  of  that  district, 
in  attributing  the  reported  difference  in  the  performance  of  these  two  engines,  to 
a  false  or  incorrect  mode  of  taking  the  duty,  to  some  miraculous  strength  of  the 
coals  employed,  or  to  some  mysterious  and  unexplained  fertility  of  steam  in  the 
Cornish  boiler.  On  the  other  hand,  the  advocates  of  the  high  pressure  expan- 
sive system  may,  from  the  same  want  of  positive  data,  have  somewhat  exag- 
gerated the  dynamic  advantage  derivable  from  that  method  of  employing 
steain. 

Mn  Wickstccd*,  by  his  admirable  ej^)en'menfum  cn/rw,viz.,  the  weighing  of 
the  water  actually  raised  by  a  bushel  of  coals,  has  demonstrated  the  near  coin- 
ddence  of  the  Cornish  system  of  ascertaining  the  duty  with  the  real  perform- 
ance of  the  engine.  Still,  the  knowledge  of  the  steam  consumed  m  doing  the 
duty,  remained  to  be  unfolded.  This  I  have  at  length  the  means  of  developing 
from  experiments  on  two  Cornish  engines,  which  will  establish  that  boiler  and 
engine  in  their  true  situation  in  tlie  scale  of  economy.  These,  with  similar 
facts,  indicated  by  a  knowledge  of  the  evaporation  and  duty  of  several  other 
classes  of  engines,  1  propose  to  consider  separately  in  a  second  part  of  this 
paper. 


PART  I. 

ON  THE  QUAUTIES  OF  STEAM-BOILERS,  AND  ON  THE  INFLUENCE  EXERCISED  OVER 
EVAPORATION  BY  THEIR  PROPORTIONS  AND  PRACTICAL  MANAGEMENT. 

My  own  experiments  on  these  subjects  commenced  more  than  twenty  years 
since,  and  I  fortunately  preserved,  in  each  instance,  the  particulars  of  the  di- 
mensions of  the  boilers  and  grates  operated  upon.  I  very  early  perceived  that 
the  compkU'-tieiif';  and  the  rate  of  combustion,  were  important  elements  in  eva- 
porative economy,  and  also  that  the  proportion  of  the  grates  to  the  combustion 
effected  upon  them,  as  well  as  to  the  whole  heat-absorbing  surface,  exercised  a 
considerable  influence  over  the  results ;  nor  could  I  fail  to  observe  that  the 
greatest  results  were  obtained  when  these  elements  bore  some  certain  ratio  to 
each  Other.  Still  I  did  not  consider  that  the  amount  of  my  experience,  or  the  num- 
ber of  my  experiments,  operating  as  I  did,  on  one  form  of  boiler  alone,  (the  wagon,) 
justified  the  laying  down  a  rule  which  could  be  common  to  all  the  possible  forms 
of  boiler      It  appeared  to  me  that  the  boiling  apparatus  of  a  steam-engine  was 
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capable  of  being  thro\vn  into  an  infinite  variety  of  shapes ;  that  the  combustion 
of  the  fuel  might  be  employed  at  an  intensity  far  exceeding  that  in  the  then 
common  practice  ;  and  I  thought  it  very  possible  that  some  strange  shape  and 
condition  of  lioiler  might  be  invented,  which  would  set  a  limit  to  practice  in 
rapid  combustion,  whilst  I  considered  my  own  practice  at  Warwick  to  have 
reached  very  nearly  the  extreme  of  slow  combustion.  I  also  thought  that  va- 
rieties of  boilers,  or  systems  of  practice  might  be  mtroduced,  which  would  serve 
as  intermediate  specimens,  and  connect  the  two  extremes.  Time  has  justified 
these  expectations,  and  by  this  delay  I  have  avoided  falling  into  the  too  com- 
mon error  of  generalizing  from  insufficient  data,  or  isolated  facts, — an  error  pro- 
dnctive  of  much  mischief  to  the  progress  of  science,  as  the  reputation  of  an 
autlior,  coupled  with  the  indisposition  of  the  mass  of  men  to  think  for  them- 
selves, frequently  occasion  very  imperfect,  and  even  erroneous  doctrines  to  be 
received  as  law.  It  is  not  till  facts,  unexceptionable  in  their  nature,  and  mul- 
tiplied in  number,  stand  forth  in  all  the  clearness  of  truth,  that  the  theory  of 
their  action  can  be  investigated  with  i-ertainty  and  success. 

To  my  own  experiments  *  detailed  in  my  former  paper  on  wagon  boilers,  I 
have  now  added  Smeaton*s  at  the  Long  Benton,  and  Watt's  at  the  Albion 
Mills  engines. 

Since  the  period  referred  to,  the  locomottce  engine  has  sprung  into  being, 
and  its  boiler  has  taken  a  place  so  important  as  an  evaporative  vessel,  that  to 
an  enquirer  on  this  suV»ject  it  is  full  of  interest.  It  touches  the  margin  of  the 
highest  possible  intensity  of  combustion  in  its  use  of  fuel ;  it  exceeds  all  other 
boilers  in  evaporative  power,  and  presents  in  its  various  properties,  contrasts  so 
striking  with  every  other  class  of  boiler,  that  the  analj'-sis  of  its  properties  and 
effects  is  eminently  instructive.  M.  de  Pambour  having  recorded  the  fiill  |>ar- 
ticulars  of  the  boilers  and  grates  belonging  to  the  engines  on  which  he  experi- 
mented, 1  am  able  to  examine  them  in  reference  to  their  qualities  and  evapo- 
ration, of  which  I  gave  a  table  in  my  former  paper. 

To  this  class  I  have  now  added  Mr.  Wo4xl'8  experiments  on  the  boiler  of 
an  engine  detailed  in  the  third  edition  of  his  Work  on  Railways,  page  3.33. 

The  evaporative  qualities  of  the  Cornish  boiler  have  been  but  little  enquire<l 
into.     This  particular  form  of  boiler,  long  estabUshed  as  it  has  been  in  a  district 

•  The  term  experiment  is  used  tliroughout  this  paper  in  the  sense  of  an  obsertation  of  facta 
attending  the  common  every  day  working  of  the  boilers,  except  in  a  few  cases  which  are  spe- 
cially mentioned. 
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of  England  to  which  high  pressure  steam  used  expansively  has  been  pretty 
much  confined,  and  which  has  there  supplanted  all  other  forms  as  the  best 
adapted  for  its  purpose,  is  the  more  interesting,  and  the  more  worthy  of  investi- 
gation, from  its  forming  part  of  a  system  of  generating  and  employing  steam,  the 
economy  of  which  has  been  silently,  slowly,  but  surely  progressive.  A  fair  test 
of  its  eflects  as  compared  with  other  boilers  will  be  found  supplied  in  Table  IV. 
of  my  former  paper,  and  having  since  obtained  the  measurement  of  the  boilers 
and  grates  appertaining  to  the  experiments  therein  recorded,  I  am  now  enabled 
to  furnish  and  to  analyse  all  the  principles  on  which  those  effects  depend. 

In  addition  to  these  I  have  tabulated  the  particulars  of  two  other  boilers 
whose  surfaces  and  consumption  of  fuel  are  stated  in  Mr.  Kenwood's  paper  of 
last  session,  as  they  serve,  even  without  a  knowledge  of  their  evaporation,  (which 
unfortunately  does  not  accompany  them,)  to  determine  the  proportions  of  boilers, 
and  other  useful  data  connected  with  the  practice  of  the  Cornish  engineers. 

The  maHne  boiler  is  another  distinctive  class  as  regards  structure,  and  ar- 
rangement of  parts.  These  it  has  gradually  assumed  by  the  apparently  common 
consent,  and  from  the  united  experience  of  marine  engine  makers ;  it  may 
therefore  be  supjwsed  to  combine  the  peculiar  characteristics  which  fit  it  in 
their  judgment  for  the  locality  and  circumstances  of  a  steam-vessel, — ^these  re- 
quire that  the  boiler  should  possess,  in  a  preeminent  degree,  the  three  prime 
qualities  of  safety,  durability,  and  economy,  together  \\ith  an  abundant  evapo- 
rative power.  I  greatly  regret  that  I  have  no  data  by  which  to  compare  its 
properties  and  practical  results  in  the  generation  of  steam  with  other  boilers,  as 
I  cannot  meet  with  any  authenticated  experiments  on  its  evaporative  qualities 
in  actual  work  on  sea  or  rivers.  Such  experiments  would  be  invaluable  to  the 
marine  engineer,  as  demonstrative  of  the  economy  of  his  boiler  in  the  use  of 
fuel,  a  quality  of  first  rate  and  growing  consequence  to  steam  na\'igation,  and  I 
need  scarcely  repeat  that  an  acquaintance  with  the  evaporation  is  the  only  sure 
test  of  the  respective  value  of  diifercnt  kinds  of  fuel.  The  marine  boiler  is  also 
beginning  to  be  used  in  lieu  of  the  common  wagon  boiler,  and  as  there  seems  no 
reason  why  it  should  be  unsuitable  to  a  fixed  engine,  or  other  steam  work  em- 
ploying steam  at  a  very  moderate  pressure,  provided  the  evaporative  economy 
and  durability  of  the  two  boilers  are  eq»ial,  it  is  to  be  regretted  that  its  powers 
have  not  been  tested,  or  if  tested,  not  published*. 

•  It  would  require  much  care  and  experimental  tact  to  make  sufficiently  exact  trialsof  tlieexapora- 
lion  produced  from  marine  boilers  on  board  Ucam-tetHU.    Evaporative  experimeotji  of  short  dura- 
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A  variety  of  this  class  was  brought  under  the  notice  of  the  Institution  last 
session  by  Mr.  Manby,  in  a  paper  on  Collier*s  Patent  Boiler.  There  is  also  re- 
corded in  Mr.  VVood's  Work  on  IlaUways,  first  edition,  an  experiment  on  a  ma- 
rine boiler  with  captain  Ericson's  fanning  apparatus.  It  forms,  however,  no 
part  of  my  plan  to  investigate  ihe  properties  of  these  inventions  ;  nor  is  it  my 
province  or  desire  to  pronounce  on  the  value  of  them,  nor  on  that  of  numerous 
other  ingenious  contrivances  for  economizing  fuel,  which  are  to  be  found  in  par- 
tial use,  or  accounts  of  which  are  scattered  in  various  publications.  My  motives 
in  imdertaking  the  present  task  have  been  to  collect  and  make  known  authentic 
facts  on  the  working  of  boilers  and  engines  of  established  credit  and  notoriety, 
and  so  to  exhibit  them  as  to  enable  the  employer  of  any  boiler  or  engine,  whether 
similar  or  dissimilar,  to  compare  his  practice  with  specimens  of  acknowledged 
and  well  attested  merit. 

The  following  Table  is  formed  from  the  daUi  referred  to  in  my  paper  of  last 
session  with  the  additions  above  mentioned.  By  elimination,  the  relation  or 
ratio  which  any  one  property  or  effect  of  the  boilers  bears  to  another  is  shewn ; 
and  the  arrangement  of  the  Table  is  such  that  each  succeeding  column  or  set 
of  columns  may  be  said  to  form  links  in  the  chain  of  evidence  which  terminate 
in  the  disclosure  of  the  objects  sought,  viz.  the  principal  conditions  upon  which 
evaporative  economy  is  dependent. — ^Vide  Table  at  the  end  of  this  paper. 

Table  L  From  this  Table,  which  presents  a  collective  and  digested  view 
of  all  the  experiments;  of  the  relation  which  the  several  parts  of  the  boilers 
bear  to  one  another,  and  to  the  eftects  produced  ;  of  the  amount  and  activity  of 
the  combustion,  which  may  be  termed  the  calorific  forces  to  w^liich  boilers  are 
exposed ;  as  also  of  the  modifications  which  these  forces  undergo  through  the 
structure  and  disposition  of  the  several  parts, — I  shall  select  and  place  at  the 
head  of  my  observations  on  each  class  of  boiler,  those  quantities  and  qualities 
which  point  themselves  out  as  exerting  the  chief  influence  over  the  results. 
These  smus  are  exponential  of  the  practice,  and  of  its  effects,  and  they  truly  re- 
present the  relative  calorific  forces  to  which  the  several  boilers  are  subject,  and 


tion  on  any  boilers  are  of  little  practical  value,  and  they  require  to  be  closely  super  in  teniled  by 
raen  accustomed  to  accurate  observation.  The  necessity  of  frequently  iiiontug  out,  or  otherwise 
cleansing  marine  boilers,  whether  at  work  in  sea  or  in  rivers,  would  render  such  cxiieriuicnta  very 
inconclusive,  and  most  of  these  boilers  are  more  liable  to  ihe  di^ase  oT priming  than  any  other  class. 
Experiuients,  however,  quite  free  from  error,  and  of  much  value  to  the  marine  engineer,  may  be 
conducted  on  such  boilers  when  supplying  a  fixed  engine. 
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Upon  the  degree  of  whose  intensity  and  duration,  the  economy,  durability,  and 
safety  of  evaporative  vessels  must  mainly  depend. 

I  have  reserved  for  separate  examination,  at  the  end  of  this  paper,  the 
question  of  the  influence  of  time  in  producing  the  relative  degrees  of  economy, 
as  it  requires  special  and  careful  analysis  before  a  satisfactory  determination  of 
the  value  of  that  element  can  be  arrived  at.  By  /iww,  I  mean  the  relative 
periods  of  the  duration  of  a  given  amount  of  heat  about  the  boilers,  and  about 
equal  areas  of  their  surface.  The  facts  arising  out  of  this  investigation  will  be 
found  classified  in  Tables  3  and  5,  whence  they  are  transferred  to  Table  1. 

Unifonnily  in  the  gradation  of  results  from  any  one  cause  cannot  be 
expected  in  a  series  of  experiments  on  boilers  of  such  various  structure  and 
strength  of  materials,  but  it  will  be  apparent,  from  a  single  glance  over  the 
columns,  that  the  rate  of  combustion,  and  its  rate  on  each  square  foot  of  grate, 
very  sensibly  aftect  them ;  and  one  conclusion  is  ine^^table«  viz.,  that  the 
practice  of  slow  combustion  is  eminently  conducive  to  economy  in  the  treatment 
of  fuel ;  nor  can  there  be  a  doubt  that  the  metal  of  which  a  boiler  is  composed 
is  principally  aftected,  both  in  its  strength  and  durability,  by  the  heat  applied 
to  it»  so  that  these  properties  seem  to  be  best  preserved  by,  and  to  be  the 
natural  consequences  of,  slow  combustion.  Thus  we  shall  find  that  the  boilers, 
tested  as  to  their  merit  by  their  respective  evaporative  economy,  arrange  them- 
selves for  consideration  in  the  inverse  order  of  the  rate  of  combustion,  and  that 
the  Cornish  boiler,  in  this  respect,  obtains  the  highest  rank. 

A  second  though  somewhat  less  regular  coincidence  between  the  operating 
causes  and  economical  results,  is  indicated  by  the  extent  of  surface  exposed  to 
absorb  the  heat  supplied  to  the  boiler.  This  element  is  subject  to  more  or  less 
of  modification  from  a  variety  of  contending  circumstances,  which  will  severally 
be  noticed  and  considered  in  the  ensuing  observations  on  the  practice  of  each 
class  of  boiler;  but  the  table  shews  distinctly  that  economy  of  heat  is  promoted 
in  some  proportion  of  the  extent  of  the  absorbing  surface,  and  the  Cornish  boiler 
again  exhibits  its  superiority  over  all  the  others  by  the  degree  in  which  it 
possesses  this  element. 

Time — used  in  the  sense  before  explained,  and  which  expresses  the  rate  of 
combustion  involved  with  the  extent  of  the  absorbing  surface — is  also  greatly  in 
favour  of  the  Cornish  boiler. 

As  that  boiler  and  practice,  therefore,  afford  the  highest  evaporative  product, 
and  appear  to  combine  the  greatest  number  of  good  qualities,  and  as  it  is  re- 
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quisite  that  a  standard  should  be  adopted,  in  order  to  mark  the  scale  of  descent 
from  the  highest  point  of  excellence  yet  attained  in  evaporative  economy,  I  shall 
bring  the  other  boilers  to  the  test  of  the  Cornish,  with  reference  to  their  respec- 
tive properties,  and  consider  the  Cornish  results  as  unity. 


CORNISH  BOILER. 


EXP0NEMT8  •. 


CAtunis  of 
Table-     lbs. 

*8....    I 


of  coal  burnt  under  one  boiler  in  44.08  seconds. 
SO....  3.46  of  coal  burnt  on  each  square  foot  of  grate  ]>er  hour. 

41.,.,  1        of  water  evaporated  by  1  s<iuare  foot  of  heated  surface  per  hour  from  212'. 
37....  11. 82  of  water  evaporated  by  1  tb.  of  coal  from  312°. 

The  form,  construction,  usual  dimensions,  and  mode  of  setting  this  boiler  are 
too  well  known  to  require  particular  mention.  It  appears  to  possess  all  the 
principles  necessary  to  resist  internal  and  external  pressure,  due  regard  being 
paid  to  sufficient  strength  of  materials.  The  fire  is  contained  in  an  internal 
cylindrical  tube,  the  pressure  upon  which  bebg  external,  the  greatest  strength 
of  resistance  is  obtained  where  it  is  most  needed  ;  nor  can  there  be  so  great  a 
lodgment  of  deposit  upon  the  parts  subjected  to  the  most  direct  and  intense  heat 
as  in  the  wagon  boiler.  The  practice  as  regards  the  stow  rate  of  combustion  is 
eminently  judicious,  since  it  involves  the  necessity  of  employing  a  very  exten- 
sive sm-face,  or  proportion  of  boiler  to  evaporation,  for  the  absorption  of  the  heat ; 
which  again,  together  with  the  requisite  strength,  occasions  the  use  of  several 
boilers  of  small  diameters,  rather  than  few  of  larger  dimensions.  By  these  means 
time  is  given  for  the  complete  combination  of  air  with  the  heated  fuel ;  time  is 
given  for  the  transmission  of  the  heat  through  the  metal ;  and  time  is  given  for 
the  escape  of  the  steam  through  the  water.  These  are  points  of  practice  of 
great  import  to  all  boilers  and  to  the  well  working  of  every  species  of  steam-en- 
gine ;  but  they  are  of  still  greater  consequence  to  an  engine  using  steam  at  a 
very  elevated  pressure,  and  emplo^'ing  that  steam  expansively.     The  durability 

*  The  quantities  brought  from  Table  I.  and  thus  placed  at  the  head  of  the  observations  on 
eacli  group  or  class  of  boilers,  are  those  which  form  the  principal  points  of  contrast  and  com- 
parison. They  are  indicative  or  exponential  of  the  quality  of  the  boiler  and  of  the  effects  of  the 
practice  upon  it ;  I  have,  therefore,  termed  them  exponents, 

VOL.  III. — PART  I.  C 
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of  a  boiler  is  greatly  prolonged  by  using  heat  of  a  moderate  intensity.  Much 
thicker  plates  are  indispensable  in  proportion  as  the  pressures  become  elevated, 
and  in  proportion  also  to  thickness  of  material,  the  conduction  of  heat  is  slower ; 
hence  the  wisdom  of  reducing  the  combustion  of  the  fuel  to  the  slowest  possible 
rate  under  all,  but  more  particularly  under  high  pressure  boilers ;  and  hence  dura- 
bihty  and  safety  are  promoted  in  proportion  to  the  diminution  of  calorific  intensity; 
yet  it  would  not  be  difficult  to  shew  that,  except  by  the  Cornish  engineers,  the 
practice  obtains  loo  often  of  increasing  both  the  extent  and  intensity  of  the  fires 
almost  in  the  ratio  of  the  increased  pressure  of  steam,  from  which  practice  arises 
one  fertile  source  of  short-lived  boilers,  and  explosions. 

It  appears  from  the  Table,  column  45,  that  the  Cornish  engineers  allow  about 
7  times  as  much  surface  as  the  general  wagon  boiler  practice  for  the  vaporiza- 
tion of  equal  weights  of  water  in  equal  times,  which  is  accompanied  by  a  gain 
of  between  30  and  40  per  cent,  on  the  mean  of  the  8  wagon  boiler  experiments, 
some  of  which,  however,  far  exceed  the  average  product  of  those  boilers  in  com- 
mon practice. 

It  must  be  carefully  borne  in  mind  that  two  very  remarkable  differences 
exist  between  the  high  and  low  pressure  boilers  under  comparison ;  viz.  the 
thickness  of  plates,  and  the  temperature  of  water  and  steam  within  the  boilers. 
The  plates  of  a  Cornish  boiler  are  never  less  than  -J  an  inch  thick,  those  of  a 
low  pressure  boiler  usually  ^  to  i^  of  an  inch.  A  much  larger  extent  of  surface 
is  consequently  necessary  in  order  to  transmit  a  given  quantity  of  heat,  in  a 
^ven  time,  through  the  thicker  than  the  thinner  material  without  injury  ;  more 
particularly  when  the  contained  water,  which  abstracts  the  heat,  is  at  a  tem- 
perature of  not  less  than  300°  in  the  one,  and  not  more  than  220°  in  the  other. 
The  Comish  practice  shews  an  intimate  perception  and  knowledge  of  the  ad- 
vantages arising  from  this  extent  of  surface,  though  I  cannot  find  that  the  sub- 
ject has  ever  been  treated  of  by  Comish  authors,  which  is  the  more  to  be 
regretted  as  an  mfinite  variety  of  experiments  have  been  made  in  Cornwall 
on  the  proportions  of  grates  to  the  combustion ;  on  the  arrangement  and  pro- 
portions of  the  internal  and  external  surfaces  exposed  to  heat ;  on  the  mode  of 
setting  the  boilers,  hitroducing  the  feed,  &c.  So  habituated  also  are  the  ope- 
rative engineers  and  firemen  to  a  comparison  of  the  work  done  by  the  engine 
with  the  fuel  consumed,  that  they  are  thoroughly  versed  in  their  business  as  an 
art,  their  skill  being  subject  to  strict  and  constant  test  by  the  daily  registration 
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requiring  stays  to  enable  it  to  resist  the  small  amount  of  internal  pressure  to 
which  it  is  usually  subjected.  It  is  very  susceptible  of  injury  from  collapse,  if 
abundant  provision  be  not  made  to  supply  it  with  air  in  the  event  of  a  vacuum. 
It  is  much  aifected  by  incrustation  from  deposit  falling  on  the  parts  exjwsed  to 
the  greatest  heat,  causing  leakage  and  frequent  repairs,  which,  with  the  wear 
and  tear  of  brickwork,  occasion  this  kind  of  boiler  to  be  much  more  costly  in  its 
maintenance  than  the  Cornish, 

The  comparison  of  the  Warwick  with  the  Cornish  results  shews  that  in  the 
former, 

The  rate  of  combustion  is  -fth  more  rapid  per  boiler,  and  per  square  foot  of 
grate  per  hour. 

The  rate  of  evaporation  is  6  J  times  more  rapid  from  equal  surfaces. 

The  loss  of  heat  (the  Cornish  being  unity)  12j  per  cent. 

The  results  of  the  mean  of  the  eight  other  experiments  on  the  wagon 
boiler  compared  with  the  Cornish,  show  that  in  the  former. 

The  rate  of  combustion  is  S-j^  tunes  more  rapid  per  boiler,  and  3  times  more 
rapid  per  square  foot  of  grate  per  hour. 

The  rate  of  evaporation  is  7  times  more  rapid  from  equal  surfaces. 

The  loss  of  heat  (the  Cornish  being  unity)  24j  per  cent. 

In  contrasting  the  Warwick  with  the  Cornish  results,  there  are  two  cor- 
rections to  be  made  before  the  experiments  can  be  put  on  equal  terms.  Firstly, 
in  the  Warwick  the  whole  of  the  smoke  was  inflamed,  the  practical  evaporative 
value  of  which,  from  the  experiments  related  in  my  former  paper,  appears  to  be 
about  1 2  per  cent.  In  the  Cornish  the  smoke  passed  off  unconsumed  ;  the  result  of 
the  Warwick  experiments  must  consequently  be  diminished  12  per  cent.,  or  the 
Cornish  raised  in  that  amount.  This  would  cause  the  real  difierence  in  favour  of 
the  latter  to  be  about  25  per  cent.     But  there  is  a  second  correction  to  be  made. 

The  result  of  my  experiments  at  Warwick,  during  six  months'  conti- 
nuance, is  18^  cubic  feet  of  water  evaporated  by  112  lbs.  of  coal  from  212°, 
all  waste  and  loss  in  the  raking  and  banking  up  of  the  fires  at  night  included. 
The  Cornish,  especially  those  at  the  United  Mines,  are  also  experiments  of 
long  continuance,  waste  and  loss  included,  but  as  those  engines  work  night  and 
day,  there  is  no  loss  arising  from  banking  up  the  fires,  or  from  radiation  during 
the  night.  A  diminution  of  the  weight  of  coal  used  at  Warwick  is  therefore 
required,  equal  to  that  bui'nt  duiing  the  night  and  for  raising  the  steam  each 
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being  composed  of  plates  of  ^  inch  and  ^  inch  tliickness,  and  transmitting  heat 
respectively  to  water  at  S00°  and  218*. 

Notwithstanding  also  the  near  identity  of  the  principal  forces  which  seem 
to  afiect  the  evaporative  product,  tliere  are  differences  in  these  two  experiments 
among  the  minor  causes  in  operation,  which  may  have  had  an  influence  over 
the  results.  I  allude  to  the  proportions  of  the  surfaces  exposed  to  the  radiating 
action  of  the  fire  compared  with  the  weight  of  coal  burnt  in  a  given  time,  and 
with  the  surfaces  exposed  to  what  is  conmionly  termed  communicative  heat. 
There  is  a  near  equality  between  the  coal  burnt  and  the  radiant  surface  in  the 
two  experiments,  but  the  difference  is  soraewliat  greater  between  the  com- 
municative areas,  than  between  the  total  amounts  of  heated  surface.  Definite 
experiments  are  again  wanting  to  determine  the  respective  value  of  these  portions 
of  a  boiler ;  but  it  will  appear  from  some  future  remarks  on  this  subject,  that 
their  indications  are  entitled  to  little  confidence  as  general  rules,  excepting  when 
the  practice  is  precisely  conformable  to  the  particular  experiment*. 

By  comparison  with  the  Warwick,  the  result  of  the  mean  of  the  eight  otlier 
experiments  on  the  wagon  boiler  shews, — 

The  rate  of  combustion  per  boiler  to  be  2A  times  more  rapid,  and  2  iV  times 
more  rapid  per  square  foot  of  grate  per  hour. 

The  rate  of  evaporation  from  equal  surfaces  ^th  more  rapid. 

The  loss  of  heat  (the  Warwick  being  unity)  12^  per  cent. 

This  loss  would  amount  to  at  least  25  per  cent,  on  the  mean  if  the  Vllth,  IXth, 
Xth,  and  Xlllth  experiments  in  the  Table,  which  were  made  on  the  Warwick 
system,  and  fully  explained  in  my  former  paper,  were  excluded,  and  the 
comparison  strictly  made  with  those  boilers  only  whose  proportions  of  grates 
and  method  of  practice  were  different.  I  have  already  contrasted  the  rationale 
of  the  Warwick  and  Cornish,  as  the  former  occupied  an  intermediate  rank  be- 
tween the  latter  and  the  mean  of  all  the  others ;  and  as  I  am  not  advocating 
my  own  or  any  other  particular  system,  but  endeavour  merely  to  ascertain,  by 
a  rigid  examination  of  the  conditions  of  a  series  of  experiments  entitled  to  entire 
confidence,  the  causes  wliich  have  produced  various  and  particular  effects,  (and  the 
experiments  would  be  nothing  worth  did  they  not  lead  to  some  such  useful  end,) 
I  have  thought  that  end  more  likely  to  be  attained  by  striking  a  mean  from  a 
large  number  of  experiments  on  the  same  class  of  boiler  treated  on  different  plans. 
But  no  one  can  cast  his  eye  over  the  Table  without  perceiving  very  marked  differ- 
ences in  the  ratios  of  the  several  parts  of  the  wagon  boilers  imder  review, 

*  See  pages  29  and  30. 
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as  also  in  their  evaporative  products,  which  vary  as  much  as  65  per  cent. 
Though,  therefore,  the  more  active  causes  v^hich  influence  the  evaporative 
economy  of  steam  boilers  develop  themselves  prominently  and  decidedly  by 
comparing  three  distinct  and  widely  different  systems  of  generating  steam,  as 
indicated  by  the  Cornish,  wugon,  and  locomotive  practice,  much  instruction  is 
derivable  from  the  mutual  examination  of  boilers  of  the  same  class,  particularly 
when  a  change  in  the  effect  has  been  produced  by  some  single  change  in  the 
conditions  of  an  experiment  on  the  same  boiler. 

The  Table  presents  several  such  on  the  wagon  boilers.  The  Vlth  and  Vllth 
experiments  were  mado  on  the  same  boiler  with  one  change ;  in  the  Vllth  the 
grate  was  enlarged  jth,  but  the  whole  capacity  of  the  furnace  about  ^,  firod  in 
each  case  in  the  same  manner,  and  doing  nearly  equal  work  in  the  same  time. 
The  result  was  an  economy  of  50  per  cent. 

The  effect  of  this  simple  alteration  is  clearly  traceable  through  all  the 
columns.  The  rate  of  combustion  per  square  foot  of  grate  fell  from  \l^  lbs. 
to  8  lbs.  per  hour,  and  the  proportion  of  surface  to  absorb  the  heat  was 
consequently  greater:  in  fact,  the  combustion  was  more  perfect,  and  more 
time  was  given  to  transmit  its  product  The  evaporative  power  of  the  boiler 
was  also  increased  by  the  same  causes. 

Experiments  VIII.  and  IX.,  at  another  place,  with  a  boiler  of  very  dif- 
ferent proportions,  furnish  instructive  facts.  No  alteration  was  made  in  the  grate 
of  this  boiler,  as  it  then  appeared  to  me  of  a  good  proportion,  though  T  should 
now  somewhat  enlarge  it.  The  diflbrence  between  the  two  experiments  amount- 
ing to  about  1 4  per  cent.,  was  simply  caused  by  the  more  perfect  combustion  of 
the  fuel  in  the  IXth  from  a  thickened  mass  of  fire  and  the  more  perfect  inflam- 
mation of  its  gaseous  products,  accompanied  by  a  diminished  rate  of  combus- 
tion, and  a  somewhat  increased  evaporative  power  as  well  as  economy. 

As  this  boiler  was  attached  to  a  chimney  of  remarkable  draft,  I  deter- 
mined on  making  an  experiment  to  ascertain  the  utmost  amount  of  evaporation 
producible  from  the  Ixtiler.  Every  thing  remaining  the  same.  Experiment  X. 
was  undertaken,  and  to  guard  against  any  loss  of  heat  by  opening  the  fire 
doors  during  the  process,  the  water  was  first  brought  up  to  the  boiling  point, 
the  few  hot  coals  on  the  grate  were  raked  into  a  small  heap  on  its  centre,  and 
the  raw  coal,  amounting  to  about  2400  lbs.,  was  then  shovelled  as  quickly 
as  possible  into  the  furnace,  until  it  was  crammed  quite  full ;  the  fire  doors 
were  then  hermetically  closed  by  filling  the  mouth-piece  with  well  wetted 
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sleek.  The  damper  for  the  first  hour  was  kept  almost  close  down,  and  when 
the  regular  rate  of  evaporation  exhibited  itself,  which  indicated — together  with 
the  vivid  and  uniform  reflexion  of  the  fire  in  the  ash-pit — ^that  the  bars  were 
well  covered  with  ignited  coal,  the  damper  was  verj  gradually  raised,  till  the 
whole  force  of  the  draft  was  given  to  the  furnace.  The  evaporation  then  be- 
came excessively  rapid,  and  at  the  end  of  the  fifth  hour  the  fire  was  examined, 
that  no  aperture  might  be  left  for  uncombined  air  to  pass  tlirough  it.  The  re- 
mainder of  the  coal  was  then  thrown  on,  amounting  to  about  238  lbs.,  and 
the  experiment  continued  till  the  whole  was  consumed,  the  damper  being  again 
gradually  lowered  as  the  thickness  of  fuel  diminished. 

One'  result  rather  surprised  me,  which  was,  that  notwithstanding  the  ra- 
pidity of  the  current,  and  the  certainty  that  the  heat  must  have  quitted  the 
boiler  in  mucli  greater  quantity,  and  at  a  much  higher  temperature  than  in 
the  IXth  experiment,  a  very  slight  difference  appeared  in  the  weight  of  water 
evaporated  by  each  pound  of  coal.  The  experimenters  judged  that  two-thirds 
of  the  coal  burnt  and  of  water  evaporated  was  accomplished  in  one  half  of  the 
whole  lime,  or  in  four  hours ;  which  would  be,  as  regards  combustion,  at  the 
rate  of  15  lbs.  per  square  foot  of  grate  per  hour.  The  ordinary  working 
rate  of  that  boiler  was  about  9  lbs,,  and  from  the  appearance  of  intenseness 
in  the  fire  and  other  indications,  it  was  clearly  perceptible  that  the  rate  of 
1 5  lbs.  per  hour  per  square  foot  of  grate  was  far  too  rapid  a  combustion  for 
any  boiler  to  sustain  long  without  injury,  particularly  if  supplied  with  water 
of  bad  quality.  A  practised  eye  is  not  a  bad  pyrometer,  and  without  the 
aid  of  the  latter  instrument  it  was  no  presumption  to  conclude  that  such  in- 
tensity of  heat  must  s])ecdily  affect  both  the  safety  and  durability  of  the 
vessel. 

The  almost  inappreciable  difference  in  the  economic  results  of  these  last  two 
experiments  might  seem  to  favour  the  opinion  that  very  rapid  combustion  is 
not  unfavourable  to  economy.  It  is,  however,  necessary  to  keep  in  mind  that 
the  experiment  was  conducted  with  precautions  which  cannot  be  carried  into 
practice.  An  experiment  of  short  duration  was  afterwards  tried  on  the  same 
l)oiler  by  attempting  to  burn  about  three  hundred  weight  of  coal  per  hour,  or 
the  same  rate  of  1 5  lbs.  per  square  foot  of  grate  per  hour,  with  an  even  and 
regular  fire ;  but  it  was  accomplished  with  difficulty,  with  great  waste  from 
being  obliged  to  widen  the  air  spaces  between  the  bars,  and  with  great  loss 
in  evajKirative  product. 
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of  the  grates,  which  reduced  the  rate  of  combustion  to  about  6^  lbs.  per 
square  foot  of  grate  per  hour.  The  Albion  Mills'  boiler,  notwithstanding  the 
swift  combustion  of  the  fuel,  evaporated  nearly  as  much  water  as  the  Ijest  of 
the  other  wagon  boilers  in  the  Table,  the  Wan^'ick  excepted.  I  consider  this 
isolated  exception  to  the  results  indicated  by  all  the  other  experiments  as  re- 
gards the  eftect  of  the  rate  of  combustion,  to  have  been  modified  by  the  pe- 
culiar structure  of  the  boiler  ;  viz.,  by  its  presenting,  as  shewn  in  column  11, 
a  much  larger  surface  of  internal  flue,  in  proportion  to  that  of  the  whole  boiler, 
which  compensated,  by  its  superior  efficiency  in  the  transmission  of  heat  to 
the  water  over  an  equal  area  of  side  flue,  for  the  loss  which  could  not  but 
have  resulted,  had  the  same  area  consisted  only  of  external  surface.  In  this 
respect  that  boiler  approximated  more  nearly  than  any  of  the  other  wagon 
boilers  to  one  of  the  best  properties  of  the  Cornish  construction,  more  than  the 
half  of  whose  heated  surface  is  entirely  surrounded  by  water ;  and  it  will  be 
seen  that  its  product  considerably  exceeded  that  of  the  London  boilers,  which 
had  no  internal  tiue,  and  nearly'  equalled  the  performance  of  the  Clithero  and 
Preston  boilers  which  had  internal  flues,  and  whoso  rates  of  evaporation  from 
equal  areas  were  nearly  identical  with  that  at  the  Albion  Mills.  In  like 
manner,  the  absence  of  internal  flue  in  the  London  boilers  seems  to  account 
in  some  degree  for  their  inferior  performance  as  compared  with  the  Clithero  and 
Preston  experiments.  Though,  therefore,  in  assigning  to  boilers  a  certain 
power  of  generating  steam  from  some  certain  area  exposed  to  heat,  it  is  neces- 
sary to  discriminate  between  the  vaporizing  value  of  the  arrangement  of  the 
surfaces ;  of  which  at  present  we  may  be  called  entirely  ignorant. 

The  absence  of  internal  flues  in  the  Warwick  boilers  was  compensated,  or 
much  modified,  by  the  peculiar  treatment  of  the  fuel,  and  tlie  diminished  rate 
of  combustion  previously  described ;  but  there  can  be  no  doubt,  by  the  com- 
parison of  parts  and  results  with  the  Cornish,  that  the  evaporation  would  have 
been  eflected  with  still  less  fuel  from  the  former,  had  those  boilers  been  sup- 
plied with  internal  flues. 

These  indications  of  the  greater  efficiency  of  interior  over  exterior  surfaces, 
point  to  the  probability  that  equal  areas  of  the  marine  boiler  would  exceed,  in 
evaporative  value,  equal  areas  of  the  boilers  under  review,  provided  the  ele- 
ment iiine,  and  rntnmfi/  of  cahrifir.  action,  as  hereafter  to  be  explained,  be 
judiciously  incorporated  with  the  practice.  A  knowledge  of  the  eva]x>rative 
economy  and  power  of  the  marme  boiler  would  gretitly  tend  to  enlighten  iis 
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on  the  respective  value  of  surfaces  exposed  to  heat  within  and  without  the 
water. 

All  the  foregoing  conclusions  are  liable  to  a  certain  amount  of  error  from 
the  want  of  identity  in  the  coals  employed  in  the  diflerent  experiments,  not  as 
regardii  the  chief  elements  affecting  evaporative  economy,  but  as  respects  the 
mutual  comparison  of  results  from  boilers  of  the  same  class.  There  is,  how- 
ever, a  curious  fact  yet  to  bo  pointed  out,  which  will  shew  these  observations 
and  deductions  to  be  free  from  any  gross  error  occasioned  by  the  use  of  a  va- 
riety of  coals  in  the  different  experiments. 

By  comparing  experiments  VI.,  VIII.,  and  XII.,  which  were  conducted  ac- 
cording to  the  usual  practice  at  the  three  establislimenls  with  all  possible  care  and 
skill  on  the  common  plan  of  firing,  and  with  throe  varieties  of  coal,  it  appears 
that  there  was  a  difference  of  1 3  per  cent,  between  the  greatest  and  least  result, 
which  would  have  been  attributed  to  the  varying  strength  of  the  coals;  but 
when  these  same  coals  were  treated  under  the  same  Iwilers,  as  in  experiments 
VII,,  IX,,  and  XIH.  by  a  different  manner,  viz.,  by  a  slower  rate  of  combus- 
tion, &c.,  the  gross  difference  is  only  7  per  cent.,  and  the  product  between  two 
out  of  the  three  experiments  is  identical.  The  attentive  mind  will  also  see  good 
reason  to  conclude,  by  inspecting  the  peculiar  properties  of  the  boilers  experi- 
mented upon,  that  even  this  slight  difference  of  7  per  cent,  is  attributable  to 
other  causes  rather  than  to  the  fuel*.  A  true  estunate  of  the  practical  value 
of  varieties  of  coal  can,  therefore,  only  be  formed  by  treating  them  in  such  a 
way  as  to  cause  the  development  of  tlteir  full  force  ;  and  the  cheaper  coals — - 
cheaper,  generally,  because  less  fitted  for  house  fires  and  delicate  purposes — 
do  often,  in  reality,  contain  the  greatest  strength  of  combustible  matter,  though 
mixed  with  impurities.  I  tried  at  Warwick  the  Newcastle,  (Wylam  Moor,) 
the  Wednesbury,  and  the  Netherton  coals,  which  gave  me,  within  a  fraction, 
the  same  result ;  though  Watt  and  other  experimenters  assign  very  varying 
strengths  to  them,  and  the  last  were  the  cheapest  in  price  by  one  half  over 
the  Wednesbury,  for  engine  purposes.  On  the  other  hand,  it  not  unfrequently 
happens  that  a  small  difierence  in  price  is  more  than  compensated  by  an  in- 
creased effect  from  dearer  coal.  Nor  will  the  same  system  of  treatment  in- 
variably succeed-  I  have  been  occasionally  defeated  in  every  attempt  to  bum 
certain  sorts  of  coal  on  my  plan  of  thick  fires,  on  extensive  grates  with  slow 
combustion.     In  one  instance,  in  Lancashire,  the  coal  contained  so  much  tar 

*  Tile  difference  or  loss  of  7  per  cent,  is  found  in  that  boiler  which  had  no  internal  flue. 

D  2 


to 


KR.   PABKES  ON 


as  to  run  in  streams  through  the  bars,  and  catch  fire  in  the  ash-pit ;  and  in 
Glasgow  certain  coals  defied  the  system  altogether ;  these  were  rare  instances, 
but  ought  to  be  cited. 

If  the  statement  of  the  fuel  burnt  and  water  evaporated  by  Snieaton's 
boilers,  Experiment  XIV.»  be  correctly  given  by  Mr.  Farey,  the  product  was 
not  only  very  good  for  the  period,  but  is  larger  than  is  usually  obtained  from 
an  equal  extent  of  surface  at  the  present  day.  The  combustion  was  very 
rapid,  its  rate  being  20j  lbs.  per  hour  per  square  fiaot  of  grate.  The  eva- 
poration 8.37  lbs.  from  212**  by  one  pound  of  coal.  The  dimension  of  sur- 
face exposed  to  radiant  heat  not  being  given,  I  have  assigned  to  it  in  the  Table 
the  half  of  the  bottom  of  these  circular  or  hai/stack  boilers,  (as  they  are  com- 
monly termed  in  Staflbrdshire,  where  they  are  still  much  used,)  having  found 
the  practice  to  be  such  generally,  the  bridge  wall  being  built  across  the  centre 
of  the  boiler,  sloped  down  to  the  grate  at  the  sides  and  ends  of  the  bars. 
The  circular  is  a  good  form  of  boiler  for  strength  ;  equally  bad  with  the  wagon 
as  regards  incrustation ;  but  perliaps  better  adapted  for  outdoor  fixing,  as  it 
admits  of  being  more  advantageously  covered,  without  a  roof,  to  throw  off  the 
rain  from  the  top  and  walls;  but  the  wagon  boiler  has  so  many  advan- 
tages over  it  for  house  fixing,  besides  admitting  of  internal  flues,  and  other 
desiderata,  that  the  use  of  the  circular  has  long  since  yielded  to  the  wagon 
form  in  the  best  appointed  establishments. 

Thus  Smeaton*s  evaporative  practice  in  1772  appears,  fi*om  the  account 
extracted  from  Mr.  Farey's  work,  (which  I  cannot,  however,  find  in  the  fourth 
edition  of  Smeaton's  lleports,  1812,  referred  to  by  the  latter,)  to  be,  as  respects 
the  Cornish  of  the  present  day,  as  8.37  to  11.82,  shewing  a  gain,  since  that 
period,  of  41  ^  per  cent,  only;  an  important  economy  certainly,  but  miserably 
small  when  compared  with  the  strides  made  in  the  economy  of  steam. 

Are  we  then  to  conclude  that  our  methods  of  generating  heat  and  steam,  and 
of  constructing  evaporative  vessels,  have  attained  the  utmost  perfection  which  the 
strict  laws  of  nature,  and  the  limited  ingenuity  of  man,  forbid  us  from  passing? 
Or,  are  we  to  hope  that  our  knowledge  of  the  theory  of  combustion,  of  the  most 
profitable  modes  of  treating  combustible  bodies,  and  of  applying  the  heat  elicited 
from  them  to  the  vaporization  of  water,  arealike  imperfect  and  alike  susceptible 
of  improvement  ?  My  own  opinion  inclines  to  the  more  cheering  view  of  the 
subject,  perceiving  as  I  do  many  sources  of  waste  which  may  be  turned  to 
profit,  and  believing  that  combustion,  as  a  science  and  practical  art,  has  not  yet 
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received  that  attention  which  it  merits,  and  whence  any  very  marked  augmenta- 
tion of  calorific  economy  must  originate.  Numberless  as  liave  been  the  variations 
in  the  structure  and  dimensions  of  steam-boilers,  it  appears  that  the  eflbrts  of 
improvers  have  been  confined  within  the  range  of  a  very  small  circle  ;  changes 
Lave  been  rung  on  the  same  or  similar  contrivances,  but  nothing  has  emerged 
which  at  present  authorizes  any  wide  deixirlure  in  practice  from  long  established 
forms,  or  which  can  be  characterized  as  bearing  the  stamp  of  inventive  genius. 
Experience,  nevertheless,  informs  us  that  great  diversity  exists  in  the  economy 
of  our  present  practice ;  the  comparative  investigation  of  numerous  examples 
should,  tlierefore,  throw  a  strong  light  on  those  principles  which  are  most 
influential  over  the  results,  and  it  should  indicate,  with  a  near  approach  to 
certainty,  that  practice  which  is  most  likely  to  assimilate  the  product  from  one 
boiler  with  the  product  from  another. 

As  boilers  of  the  Cornish  and  wagon  forms  are  by  far  the  most  numerous  in  use, 
it  may  be  here  most  convenient,  and  before  entering  on  the  examination  of  the 
iocomodte,  to  allude  to  those  questions  which  the  intelligent  employer  of  a  lx)iler 
frequently  propounds,  and  desires  to  solve,  viz.  the  best  proportion  of  parts, 
and  the  best  practice.  These  problems  he  can  now  readily  solve  for  himself, 
by  an  attentive  study  of  the  facts  placed  before  him  in  the  Table. 

Does  he  wish  to  fix  a  new  boiler?  The  Cornish  points  itself  out  as  the  best 
known  ;  and  having  decided  on  the  quantity  of  steam  he  requires  in  a  given 
lime,  either  for  an  engine  or  other  purpose,  he  is  furnished  with  a  means  of 
determining  the  weight  of  fuel  which  will  generate  it,  bj/  rigidli/  adopting  (lie 
ffteasures  of  swface  atid  prupoHioiis  ofpaii^  which  have  given  relative  effects. 

Does  he  desire  to  ascertain  if  his  present  practice  be  good  or  defective  ?  As 
regards  the  rate  of  combustion,  the  simple  determination  of  the  weight  of  coal  he 
is  consuming  per  hour,  divided  by  the  area  of  his  grate,  will  decide  that  question ; 
and  by  comparing  that  product  with  tlie  entire  surface  presented  to  absorb  it,  he 
will,  if  his  boiler  be  well  set,  arrive  at  an  aj^proximation  to  the  amount  of 
water  evaporated  on  consulthig  the  Table  ;  but  no  absolute  and  sufficient  know- 
ledge of  the  economy  of  his  practice  is  attainable  without  ascertaining  the 
weight  of  water  vaporized.  No  one  can  tell  him  this  fact :  it  is  the  ivork 
which  hia  ImLyr  is  doing,  and  it  can  only  be  determined  by  experiment. 

Does  he  find,  afler  this  trial  of  the  cva]K)ration,  that  an  equal  surface  has 
produced,  from  other  boilers  of  the  same  form,  a  greater  result?  He  must 
compare  the  area  of  his  grate,  and  the  rate  of  combustion  of  the  fuel  with  the 
best  parallel  examples  in  the  Table,  and  bring  his  practice  to  a  conformity  with 
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ihem  if  they  disagree ;  this  will  inform  him  of  the  comparative  calorific  value  o[ 
the  fuel  he  is  using:  if  he  still  finds  that  he  is  deficient  in  boiler-jwwer,  the  only 
cure  is  to  add  more.  If  circumstances  prevent  him  from  so  doing,  increase  of 
effect  and  of  economy  \vi\\  generally  follow  the  enlargement  of  a  grate  to  such 
dimensions  as  a  fireman  can  skilfully  command,  the  width  of  which  is  only 
limited  by  tliat  of  tlie  boiler,  and  the  length  not  much  exceeding  six  feet*.  There 
is  evidently  a  considerable  range  permissible  in  the  rate  of  combustion,  without 
much  loss  of  effect,  or  much  evil  arising  to  the  boiler ;  but  it  is  also  evident  that 
the  slowest  rate  is  the  best  on  every  account,  and  that  is  the  point  to  be  aimed 
at  achieving.  The  combustion  should  not  exceed  7  lbs.  per  square  foot  of  grate 
per  hour ;  but  it  will  be  the  true  interest  both  of  the  engineer  and  employer  so  to 
proportion  parts  and  practice  as  to  bring  the  rate  of  combustion  at  least  as  low 
as  4  lbs.  per  square  foot  of  grate  per  hour ;  and  the  Table  shows  that  the  greatest 
efifect  was  produced  when  the  boilers  were  so  proportioned  as  to  bring  down  the 
combustion  to  less  than  a  lbs.  per  square  foot  of  grate  per  hour. 

With  respect  to  the  setting  of  a  boiler,  every  respectable  engine  maker  is 
acquainted  with  the  best  methods;  and  from  such  persons,  or  from  good 
examples,  the  employer  of  a  boiler  should  take  his  plans,  and  not  permit  so 
important  an  element  in  the  final  economy  of  his  practice  to  be  left  to  the  dis- 
cretion of  a  bricklayer,  as  is  too  frequently  the  case. 

But  little  information,  either  of  scientific  or  practical  value,  on  the  important 

•  To  determine  this  point  satisfactorily  to  myself,  I  used,  in  my  early  experiments,  a  morcabU 
bridge^  commencing  with  a  graie  10  feet  in  length.  Tlie  evaporation  was  noted  each  day,  without 
which  I  considered  every  experiment  as  valaelesa.  This  bridge  was  traversed  a  foot  at  a  time 
nearer  to  the  fire  door.  The  best  efTeci  was  produced  with  burs  5  feet  6  inches  to  6  feet  long, 
under  the  Warwick  boilers,  as  per  Table  I.  I  found  thickness  of  fuel  far  more  economical  than 
an  excetnve  extent  of  grate  surface.  No  fireman  can  spread  fuel  accurately  beyond  8  feet  from 
the  fire  door,  which  is  about  the  extreme  length  of  a  B  foot  grate,  including  the  dead-plate  of 
the  furnace  mouih.  I  also  found,  that  beyond  7  feet  of  bar  a  sutficient  supply  of  air  did  not 
reach  the  end ;  that  the  fuel  burnt  dull  and  uselessly ;  and  no  doubt  much  of  the  air  which  did 
enter,  psbsed  through  the  half  ignited  coals,  not  only  unproductlvcly  as  an  clement  of  com- 
bustion, but  wastcfuUy,  by  mixing  with  and  cooling  the  stream  of  heat. 

With  a  rate  of  combustion  as  slow  as  4  lbs.  per  square  foot  of  grate  per  hour,  a  grate  (were 
it  practicable)  should  resemble  a  fine  sieve.  My  bars,  for  this  rate  of  combustion^  were  fixed, 
after  numerous  trials,  at  \\  inch  broad  on  the  upper  face,  and  the  air  spaces  between  the 
bars  at  \  of  an  inch  wide;  consequently,  no  cinders  fell  through  into  the  ash-pit,  the  refuse 
being  tuheiy  and  utterly  worthless.  My  fireman  usually  sat  in  the  ash-pit  to  take  his  meals,  and 
though  he  had  lialf  a  ton  of  coals  on  fire  above  his  head,  he  feared  no  fall  of  hot  coal,  as  the 
poker  was  never  used,  nor  was  the  lire  door  opened  but  once,  after  charging,  during  the  entire 
day. 
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subjects  of  steam-generators,  combustion,  and  evaporation,  is  to  be  obtained  from 
the  numerous  works  and  treatises  on  the  steam-engine.  Mr.  Farey's  volume 
is  chiefly  a  history  of  the  early  inventions  and  practice ;  it  contains  numerous 
and  minute  details,  and  is  useful  as  a  record  of  dimensions  and  strength  of  parts. 
It  is  to  be  regretted  that  the  writings  of  many  popular  authors  abound  too  much 
in  formultc  and  h}7>otheses,  too  little  in  facts :  for,  unfortunately,  the  detection 
of  fallacies  in  particular  statements  tends  to  diminish  confidence  in  their  general 
accuracy.  It  is,  however,  necessary  for  the  sake  of  truth — ^the  basis  of  science — 
that  errors  which  have  crept  into  works  of  the  highest  estimation  should  be 
pointed  out.  Of  these  several  are  to  be  foimd,  as  regards  the  subjects  under 
consideration,  in  the  splendid  edition  of  Tredgold,  by  AVoolhouse,  which  maybe 
traced  (and  the  same  remarks  apply  with  equal  force  to  other  authors)  to  a 
limited  knowledge  of  ascertained  facts  on  the  large  scale  of  practice;  to  an  undue 
rcUance  on  experiments  conducted  in  the  laboratory,  or  of  short  duration ;  to 
conclusions  drauTi  from  the  practice  of  some  one  engineer,  or  deduced  from 
the  results  of  some  particular  class  of  boiler. 

At  page  112,  a  Table  is  given  by  Tredgold  of  the  calorific  powers  of  a  great 
variety  of  combustible  substances ;  and  we  are  told,  that  8.22  lbs.  of"  caking  coal" 
and  9  lbs.  of  **  coke  prepared  in  close  vessels,"  are  requisite  to  convert  a  cubic  foot 
of  water  into  steam.  "  These  quantities,"  says  the  author,  (page  113,)  "  derived 
entirely  from  theoretical  considerations,  are  so  near  to  the  actual  effects  obtained 
in  practice,  that  they  shew  us  we  have  little  to  expect  in  the  form  of  improve- 
ment," &CC. 

Fortunately,  the  Cornish  and  other  engineers,  being  more  habituated  to 
practical  than  to  "  tficoretical  considerations,*'  have  thought  otherwise,  and  we 
happily  know  that  this  theoretical  barrier  has  been  passed  by  nearly  fifty  per 
cent. ;  and  there  is  abundant  reason  for  hope  that  no  barrier  exists  against 
obtaining  still  higher  results. 

He  again  tells  us,  page  1 1 6,  that "  one  foot  area  of  grate,  for  each  horse  power, 
is  the  common  rule  of  practical  engineers."  I  can  find  no  such  agreement  in  the 
practice  of  engine  makers,  which  is  as  various  as  their  number  is  large ;  the 
practicable  size  of  a  grate  depends  very  much  on  the  'wndth  of  the  boiler,  and 
the  widths  of  boilers  on  the  fancy  of  their  makers. 

A  rule  is  also  given,  pages  115  and  1 IG,  for  the  width  of  air  space  be- 
tween the  grate  bars,  and  much  learning  is  exhibited  in  determining  the  coin- 
cidence of  results,  as  flowing  from  hyxwthesis  and  formula,  with  the  presumed 
practice.    We  are  informed,  that  one-third  the  width  of  the  fire-bar  is  a  good 
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rule  for  the  air  space,  without  any  reference  to  the  rate  of  combustion,  or  to  the 
peculiar  nature  of  the  fuel,  and  without  perceiving,  that  upon  the  width  of  the 
air  space  materially  depends  the  waste  in  the  ash-pit,  and  other  important  con- 
sequences ;  and  the  rule  leads  to  this  absurdity,  that  a  fire-bar  three  inches 
broad  must  have  an  inch  air  space ;  and  one  of  an  inch  in  width,  an  air  space 
of  one-third  of  an  inch,  and  so  on. 

We  are  also  informed,  page  118,  that  for  low-pressure  boilers,  the  best  effect 
from  fuel  will  be  obtained  by  8.1  square  feet  to  vaporize  one  cubic  foot  of  water 
per  hour,  and  8.9  square  feet  for  high-pressure  boilers.  The  most  experienced 
engineers  in  Lancashire  (the  practice  of  which  county  I  quote,  as  I  am  better 
acquainted  with  it  than  that  of  any  other  part  of  England)  allow  at  least  from 
12  to  15  square  feet  for  low  pressure,  and  the  Cornish  engineers  from  60  to  70 
square  feet  for  high-pressure  purposes,  in  order  to  obtain  that  effect  as  shewn  in 
Table  T.,  columns  4(i  and  47. 

Smeaton's  experiments  on  coal  of  several  varieties,  coke,  wood,  &c.,  are 
repeatedly  cited,  and  pass  from  treatise  to  treatise  as  decisive,  or  at  least  illus- 
trative of  the  respective  calorific  value  of  these  combustibles.  Smeaton's  expe- 
riments were  made  on  a  boiler  only  2^  feet  in  diameter,  and  it  requires  no 
reasoning  to  shew  that  the  grate  and  the  setting  which  would  suit  one  combus- 
tible, would  be  utterly  unfitted  to  develope  the  powers  of  another ;  and  that 
experiments,  conducted  on  so  diminutive  a  boiler,  can  give  at  best  but  deceptive 
indications  of  the  effects  of  combustibles  on  the  large  scale  of  practice. 

The  name,  experiments,  and  practice  of  Watt  are  also  very  commonly  used 
by  writers  on  the  Steam  Engine  as  arguments  and  data  for  empirical  rules  which 
Watt  would  have  been  the  first  to  repudiate.  This  is  a  system  which  cannot 
be  too  strongly  reprobated ;  it  has  had  the  effect  of  restricting  rather  than  of 
eictending  the  conquests  and  realm  of  science ;  and  much  injustice  has  been 
done  to  the  character  of  these  distinguished  men  by  the  excessive  zeal 
of  disciples.  Smeaton  and  Watt  were  not  merely  engineers  ;  they  were  great 
practical  phUosophei'g ;  their  career  was  marked  by  a  succession  of  bounds  over 
mechanical  obstacles ;  their  writings  exhibit  a  modesty  becommg  greatness ;  and 
in  giving  to  the  world  an  account  of  their  experiments  and  discoveries,  they 
never  dreamed  that  they  would  be  regarded  as  laws  to  control  future  ages,  or 
be  viewed  otherwise  than  as  progressive  steps  towards  the  attainment  of  a 
perfection  in  their  favourite  pursuits,  which  they  well  knew  neither  the  life  nor 
the  labours  of  any  single  man  (however  great  his  genius)  could  accomplish. 
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LOCOMOTIVE  BOILER. 


'  EXPONENTS. 

Column  of 
TMt.    tbs. 

46....  1         of  coke  burnt  under  one  boiler  in  6.i5  seconds. 

j!0.... 79.39  of  coke  burnt  on  each  square  foot  of  grate  per  hour. 

41... ,1%        of  water  evaporated  by  one  square  foot  of  heated  surface  per  hour  from  21S*. 

37....  7.21  of  water  evaporated  by  1  lb.  of  coke,  from  212*. 
Calculated....  5,77  of  water  evaporated  by  1  lb.  of  coal  from  212*. 
Mr.  Wood....  5.17  of  water  evaporated  by  1  lb.  of  coa/ from  21 2\ 

The  circumstances  under  which  locomotive  boilers  are  worked, — their  dimen- 
sions, construction,  strength,  and  nature  of  materials,  are  so  widely  dissimilar  to 
every  other  species  of  evaporative  vessel,  that  it  would  be  vain  to  attempt  to 
draw  any  other  conclusion  as  to  their  merits  than  that  which  is  ftirnished  by 
their  practical  results.  Strict  analogy  between  them  and  others  ceases  with  the 
production  of  heat,  for  such  is  the  devouring  nature  of  the  locomotive  engine,  so 
short  the  time  allowed  for  the  heat  to  act  on  the  surface  of  boiler  exposed  to  it,  and 
so  limited  the  space  assigned  for  generating  steam,  that  the  processes  by  which 
economy  is  sought  at  fixed  engines  would  seem  to  be  thought  unattainable  in  the 
locomotive,  and  recourse  is  had  to  other  contrivances.  The  generation  of  heat  and 
steam  in  the  locomotive  is,  however,  governed  by  precisely  the  same  laws  as  in 
other  boilers,  and  the  economical  inferiority  of  that  boiler  must  be  owing  either 
to  the  absence  of  some  one  or  more  of  those  elements  which  comparison  shews 
chiefly  to  influence  their  economic  results ;  or  to  the  presence  of  some  bad 
quality,  from  which  other  boilers  are  exempt.  The  decomposition  of  its  parts 
and  effects  exliibited  in  the  Table,  enables  us  to  ascertain  in  what  respects  the 
locomotive  boiler  and  practice  dlfler  from  that  of  the  Cornish  and  wagon  boilers, 
and  to  assign,  with  tolerable  certainty,  the  true  causes  for  their  widely  different 
evaporative  economy.  The  comparison  of  Experiment  XVI.,  (which  is  the  mean 
of  eleven  experiments  made  by  M.  de  Pambour  on  six  engines  on  the  Liverpool 
and  Manchester  Railway  in  1834,)  with  the  mean  of  the  Cornish  is,  that 
The  rate  of  combustion  per  boiler  is  6t^  times  more  rapid. 
The  rate  of  combustion  per  square  foot  of  grate  per  hour,  23  times  more  rapid- 
The  rate  of  evaporation  from  equal  surfaces,  1 2  times  more  rapid- 
The  loss  of  heat,  (the  Corni.<^h  being  unity,)  51  per  cent 
The  comparison  of  the  locomotive  with  the  mean  of  the  eight  experiments 
on  the  wagon  boilers,  shews,  that 
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The  rate  of  combustion  per  boiler  is  2|  times  more  rapid. 

The  rate  of  combustion  per  square  foot  of  grate  per  hour,  is  7  times  as  rapid. 

The  rate  of  evaporation  from  equal  surfaces,  ^^  ths  more  rapid. 

The  loss  of  heat,  (llie  mean  wagon  being  unity,)  97  per  cent. 

It  would  be  mere  waste  of  words  to  institute  any  more  minute  comparison 
between  the  locomotive  and  the  Cornish  boilers,  than  is  given  above. 

It  may  not,  however,  be  iminteresting,  nor  altogether  useless,  to  shew 
how  entirely  the  relation  between  boilers  of  equal  surfaces  is  disturbed  by  a 
different  practice  as  regards  rapidity  of  combustion,  and  by  a  different  arrange- 
ment and  strength  of  parts  and  metal.  The  comparison  between  the  locomotive 
and  the  mean  of  the  eight  wagon  boiler  experiments,  is,  for  this  purpose,  as 
perfect  as  if  a  single  boiler  of  each  class  had  been  constructed  with  the  express 
intention  of  submitting  the  two  vessels  to  the  most  rigid  tests.  By  referring 
to  the  Table,  it  ^vill  be  seen,  that  there  is  an  almost  perfect  identity  in 
the  total,  in  the  radiant,  and  in  the  communicative  areas,  between  the  mean 
of  the  eight  experiments  on  the  wagon,  and  that  of  the  eleven  experiments  on 
the  locomotive  boiler.  So  perfect  an  analogy  between  the  boilers,  resulting 
too  from  such  numerous  experiments,  renders  the  accuracy  of  the  conclusions 
deducible  from  an  analysis  of  the  respective  practice,  unassailable  by  the  most 
fastidious  experimenter. 

We  observe,  then,  first,  that  a  near  equality  exists  in  the  entire  surfaces 
exposed  to  absorb  the  heat — also,  between  the  respective  areas  receiving  the 
radiant  and  communicative  caloric ;  but,  comparing  the  relation  between  the 
areas  of  the  grates,  that  of  the  wagon-boiler  exceeds  the  locomotive  in  the 
ratio  of  3iV  to  1 ;  tlie  same  difference,  therefore,  obtains  inversely  between  the 
ratios  of  the  areas  of  the  grates  to  the  total  surfaces.  The  locomotive  boiler 
would  thus  necessarily  have  the  advantage  of  presenting  between  three  and 
four  times  greater  surface  to  absorb  the  heat  generated  on  the  grate,  if  the  rate 
of  combustion,  or  the  weight  of  fuel  burnt  on  each  square  foot  of  grate  in 
equal  times,  were  alike  in  the  two  experiments.  But  this  b  not  the  case ; 
double  the  weight  of  fuel  is  burnt  on  the  grate  of  the  locomotive,  in  the  same 
time,  as  on  that  of  the  wagon  boiler,  which  is  S^o  times  larger,  and  the 
consequence  is,  that  the  rate  of  combustion  in  the  locomotive  is  seven  times 
more  rapid,  and  that  it  offers  only  |ths  the  surface  of  the  wagon  boiler  for  the 
absorption  of  equal  quantities  of  heat  in  equal  times— or,  in  more  accurate 
language,  for  the  absorption  of  the  keat  produced  from  etjual  weiglUs  of  fttd  in 
the  same  time. 
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The  equality,  therefore,  which  seemingly  exists  between  the  two  boilers  is 
merely  an  equality  of  figures. 

The  result  of  this  discordant  practice  on  the  two  boilers  is,  as  before  shewn, 
a  loss  by  the  locomotive  of  jrd  the  value  of  that  proportion  of  the  entire  heat 
of  the  fuel  which  has  been  realized  by  the  wagon  boiler.  The  rate  of  evapo- 
ration from  equal  surfaces  is  augmented  in  the  locomotive  by  65  per  cent. ;  so 
that  the  attempt  to  increase  what  is  termed  eraporatrve  ]}ower,  by  that  amount, 
has  been  attended  by  a  sacrifice  of  33  per  cent,  of  fuel.  As  regards  the 
Cornish,  we  have  also  seen,  that  the  attempt  to  increase  the  rate  of  evapora- 
tion 12  limes,  is  accompanied  by  a  loss  in  evaporative  economy  of  61  per 
cent. 

The  nature  and  strength  of  the  locomotive  surfaces  form  a  striking 
contrast  with  the  corresponding  parts  of  the  wagon  boiler,  and  had  not  some 
antagonist  quality  of  an  overwhelming  character  influenced  the  result,  the 
locomotive  ought  to  have  exhibited  a  performance  greatly  superior  to  that 
of  the  wagon  boiler. 

The  radiant  is  to  the  communicative  area  of  the  locomotive  as  1  to  7 ;  in 
other  words,  the  surface  exposed  to  the  direct  action  of  the  fire  is  -Ith,  and  that 
of  the  remainder  |-lhs  of  the  whole  boiler,  in  which  there  is  a  near  correspond- 
ence between  it  and  the  wagon  boiler.  The  metal  of  the  locomotive  radiant 
surface  may  be  called  nearly  twice  as  thick  as  that  of  the  wagon  boiler, 
wliicli  is  unfavourable — but  the  communicative  area  being  composed  of  lubes 
not  exceeding  one  quarter  or  one  third  the  thickness  of  the  wagon  boiler,  in- 
finitely more  than  restores  the  balance  in  favour  of  the  locomotive  ;  and  though, 
as  before  observed,  we  have  no  definite  knowledge  of  the  heat-transmitting 
powers  of  metal  of  varying  thicknesses,  we  do  know  that  the  times  of  transmis- 
sion are  greatly  accelerated  by  employing  thin  substances,  and  the  conclusion 
will  not  be  disputed  that  if  -Jlhs  of  the  surface  of  the  wagon  boiler  were  put 
upon  equal  terms  with  the  locomotive  by  diminishing  its  thickness  fds  or  fths, 
a  very  much  larger  portion  of  the  entire  heat  would  have  been  absorbed,  and 
the  economical  result  have  been  considerably  augmented  in  the  wagon  boiler : 
and,  conversely,  we  know  that  if  the  tubes  of  the  locomotive  consisted  of  metal 
three  or  four  times  as  thick,  the  product  in  steam  from  equal  amounts  of  heat, 
would  have  been  very  considerably  duninished. 

Another  marked  advantage  in  favour  of  the  locomotive,  arises  from  the  dis- 
tribution of  the  heat,  through  the  subdivision  of  its  volume  among  such  numer- 
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ous  thin  tubes.  This  principle  of  breaking  up  the  heat  into  fragments  is  evidently 
one  of  exceeding  great  consequence  in  the  construction  of  boilers  whose  purpose 
requires  that  their  dimensions  and  weight  should  be  compressed  into  the  smallest 
possible  bulk. 

The  antagonist  quality,  which  has  exerted  an  influence  over  the  result  so 
powerful  as  not  only  to  neutralize  these  superior  properties  of  the  locomotive, 
but  to  reduce  their  eflect  so  far  below  that  of  the  boiler  compared  with  it,  seems 
to  be  solely  referable  to  the  operation  of  the  element  time.  The  mean  length 
traversed  by  the  heat  in  the  locomotives  under  review,  was  7  feet,  whilst  that  of 
the  mean  of  the  wagon  boilers  was  72^  feet,  or  a  difference  nearly  of  10  to  1, 
The  combustion  of  the  first  was  at  the  rate  of  9.3  lbs.  of  coke,  and  of  the  second 
at  the  rate  of  3.6  lbs.  of  coal  per  minute.  In  a  minute  of  time,  therefore,  the 
whole  volume  of  the  heat  generated  from  p.3  lbs.  of  coke,  quitted  the  boiler  after 
travelling  only  7  feel,  whilst  the  heat  of  3.G  lbs.  of  coal  did  not  escape  till  it  had 
travelled  72^  feet ;  in  other  words,  every  particle  or  atom  of  heat  remained  26^ 
times  longer  in  operation  on  the  surface  of  the  wagon,  than  on  that  of  the  loco- 
motive boiler. 

Thus,  on  the  score  of  economy  of  heat,  the  present  disposition  of  the  parts 
of  a  locomotive  boiler  is  evidently  unequal  to  contend  with  this  powerful  ad- 
versary ;  and  certain  it  is  that  neither  the  quality,  economy,  nor  durability  can 
ever  be  engrafted  on  boilers  of  the  present  construction  and  proportion  of  parts, 
with  the  existing  practice;  and  it  is  equally  certain  that  no  mere  change  of 
form  or  proportion  of  parts  would  effect  an  improvement  of  much  consequence 
until  the  element  time  be  permitted,  in  some  shape  or  other,  to  enter  into  loco- 
motive practice  as  a  reasonable  ingredient  in  the  generation  of  heat  and  steam. 
The  locomotive  boiler  is  a  striking  instance  of  what  consummate  constructive 
skill  can  eflect  in  endeavouring  to  pass  a  boimdary  opposed  alike  by  the  con- 
stitution of  metals,  and  by  the  warning  results  of  all  previous  experience.  Every 
sound  principle  is  sacrificed  to  the  rapid  production  of  steam  ;  steam  is  bought 
at  the  price  of  gold;  and  the  absence  of  the  quality  durability,  involves  expenses 
unknowTi  in  other  engines,  from  the  practice  of  connecting  almost  every  part 
of  the  engine  with  the  boiler.  If  this  intimate  union  of  the  boiler  with  the  en- 
pne  be  unavoidable,  or  indispensable,  the  durability  of  the  former  ought  to  be 
a  quality  especially  sought  after.  Economy  m  the  production  of  steam,  and 
durability  of  the  vessel,  are  nearly  synonjouous  terms  ;  both  qualities  being  ob- 
tained by  a  judicious  disposition  of  parts,  and  by  a  judicious  practice  and  manage- 
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ment.  The  safety  of  the  vessel  as  regards  explosions  is  also  a  property  nearly 
allied  to  the  two  others,  so  far  as  the  metal  is  afl'ected  by  the  heat.  The  loco- 
motive is  free  from  one  bad  quality,  possessed  in  excess  by  wagon  boilers* 
the  precipitates  from  the  water  do  not  fall  upon  the  parts  exposed  to  the  great- 
est heat.  The  tubes  also  seem  to  be  weaker  than  the  external  cylinder  which 
contains  them,  and  generally  also  than  the  fire  box,  so  that  though  these  are 
continually  bursting,  no  great  harm  ensues ;  nevertheless,  the  absence  of  many 
very  violent  explosions  seems  to  be  fairly  attributable  rather  to  the  constant 
presence  of  the  engine-man,  and  to  the  inadequacy  of  the  boiler  to  its  work  when 
leakages  denote  weakness  and  the  necessity  of  repair,  than  to  any  inherent 
piinciples  of  safety  in  the  vessel  itself.  The  rapid  decay  of  the  fire  box  and 
tubes  of  the  locomotive  boiler — uninfluenced  as  that  decay  is  by  the  incnjstation 
of  deposit — affords  us  a  definite  and  valuable  fact,  free  from  any  disturbing  con- 
siderations, which  inconlestably  proves  that  heat  may  be  supplied  to  a  vessel 
containing  water  at  such  an  intensity  and  in  such  quantity  that  its  transmission 
cannot  be  effected,  without  speedily  destroying  the  virtue  of  the  metal ;  and 
the  short-lived  existence  of  these  boilers  in  a  sound  and  healthy  condition  proves 
that  the  temperature  of  the  fire  far  exceeds  the  limit  at  which  it  can  be  applied 
with  impunity.  The  metal  of  a  condemned  fire  box  frequently  appears  on  ex- 
amination to  have  lost  all  its  original  characteristics ;  there  are  no  remains  of 
fibrous  or  crystalline  api)earance ;  both  copper  and  iron  seem  to  be  trans- 
muted into  a  species  of  metallic  cake,  brittle,  of  no  lustre,  and  yielding  to  the 
slightest  blow. 

For  the  sake  of  simplifying  the  Table,  I  have  given  only  the  mean  of  M.  de 
Pambour's  eleven  experiments,  but  persons  interested  in  locomotive  boilers  will 
not  find  their  labour  lost  by  reducing  each  experiment  to  the  terms  of  the  Table 
and  submitting  them  to  mutual  examination.  This  will  be  rendered  more  ap- 
parent from  the  following  notice  of  a  very  useful  experiment  by  Mr.  Robert 
Stephenson,  which  I  feel  impelled  to  make,  as  that  experiment  appears  to  me  to 
have  been  greatly  strained  in  its  application  by  writers  on  railways. 

With  the  view  of  obtaining  a  theoretic  expression  for  the  unit  of  heating 
surface,  necessary  to  effect  the  requisite  evaporatirm  for  the  supply  of  a  loco- 
motive engine,  M.  de  Pambour  litis  used  the  experiment  referred  to,  as  detailed 
by  Mr.  Wood  in  his  Treatise  on  Railways*,  from  which  it  would  appear  that 

*  Wood  on  Railways,  Ut  ed.  page  403,  and  3d  ed.  page  5£8. 
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the  effects  of  the  surfaces  exposed  to  the  radiant  and  communicative  heat,  stand 
to  each  other  in  the  ratio  of  three  to  one.  '*  If  we  admit  (says  M.  de  Pambour, 
page  179.)  in  consequence  of  the  experiment  related  in  our  first  chapter,  that 
each  unit  of  surface  exposed  to  the  communicative  heat,  produces  a  third  part 
of  the  effect  that  same  surface  would  produce  if  exposed  to  the  radiating  caloric, 
the  heating  surface  above  (viz.,  41.47  square  feet  fire  box,  and  293.11  square 
feet  tubes)  may  be  represented  by  139.24  square  feet  exposed  to  the  immediate 
or  radiating  action  of  the  fire  ;  and  as  those  139.24  square  feet  have  produced 
in  an  hour  the  evaporation  of  55.32  cubic  feet,  we  see  that  each  square  foot  has 
evaix>raled  a  volume  of  water  expressed  by  0.401  cubic  feet." 

The  conclusion  here  drawn  is,  however,  inadmissible,  and  inconsistent  with 
the  facts  clearly  shewn  by  the  mutual  comparison  of  the  surfaces  of  fire  boxes. 
and  tubes  with  the  evaporation,  in  five  out  of  the  six  engines  which  formed  the 
subjects  of  M.  de  Pambour's  own  experiments.  1st.  The  Atlas's  boiler  has  a  fire 
box  of  57.  and  the  Vesta's  one  of  46  square  feet,  difference  1 1  square  feet,  which 
multiplied  by  3  gives  S3  square  feet  assumed  to  be  its  equivalent  in  tubes. 
This  sura  added  to  218,  the  area  of  the  Atlas's  tubes,  makes  251  square  feet, 
which  is  the  area  of  the  Vesta's  tubes  within  five  feet ;  yet  the  Vesta  with  the 
smaller  fire  box  exceeded  the  Atlas  in  evaporative  economy  by  1 1  per  cent. ! 
2dly.  The  Vesta's  fire  box  exceeds  the  Vulcan's  by  U-J  square  feet,  which  x  8, 
and  added  to  the  tubes,  makes  a  total  of  290  square  feet,  and  brmgs  the  two 
boilers  on  the  presumed  equality  as  to  surfaces  within  1 0  feet ;  yet  the  Vulcan 
with  a  fire  box  less  than  the  Vesta's  by  25  per  cent.,  exceeded  the  Vesta  in 
evaporative  economy,  by  24  per  cent. !  3dly,  In  like  manner,  the  Vulcan, 
whose  fire  box  was  less  than  that  of  the  Atlas  by  39  per  cent,  exceeded  the 
latter  in  economy  by  46  per  cent, !  4thly.  The  Leeds,  of  precisely  the  same 
proportions  as  the  Vulcan,  gave  similar  results !  And  5thly.  The  Fury,  whose 
fire  box  was  somewhat  less  than  that  of  the  Leeds  and  Vulcan,  havmg  tubes 
coinciding  in  surface  with  them,  also  greatly  exceeds  both  the  Atlas  and  Vesta, 
though  it  is  a  little,  and  but  little,  inferior  to  the  Vulcan  !  The  Firefly  I  exclude 
from  comparison,  (though  it  proves  the  same  fact,)  as  that  engine  and  boiler  were 
not  thought  to  be  in  very  perfect  order. 

Were  the  deduction  as  to  tlie  relative  evaporative  value  of  the  two  surfaces 
correct,  the  present  complex  boiler  may  be  discarded,  and  a  simple  fire  box 
having  a  superficies  of  140  square  feet  might  be  substituted  with  the  certainty 
of  producing  equal  effects.     It  does  not,  however,  I  think,  require  the  spirit  of 
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prophecy  to  say  that  such  an  arrangement  of  parts  would  altogether  fail  in  va- 
porizing the  required  weight  of  water.  To  effect  it  from  the  reduced  surface 
the  grate  would  require  to  be  doubled  or  trebled  in  size ;  and  from  what  has 
been  noticed  of  the  loss  traceable  to  the  short  distance  travelled  by  the  heat, 
and  its  short  duration  about  the  boiler,  it  must  be  quite  evident  that  an  arrange- 
ment of  parts  founded  on  the  conclusion  drawn  by  these  writers  from  Mr.  Ste- 
phenson's experiment,  would  end  in  the  defeat  of  their  expectations  and  be 
accompanied  by  an  enormous  waste  of  fuel.  Mr.  Stephenson,  in  stating  his  ex- 
periment originally,  seems  to  have  been  perfectly  aware  of  its  limited  nature,  and 
to  have  cautiously  refrained  from  theorising  beyond  the  facts  disclosed  by  it. — 
That  experiment  is  instructive  so  far  as  it  goes,  and  like  effects  would  have  re- 
sulted from  like  surfaces,  under  similar  conditions ;  but  the  conditions  of  the 
boiler  under  examination,  compared  with  that  ojierated  upon  by  Mr.  Stephenson, 
axe  very  dissimilar,  and  have  undergone  several  changes,  any  one  of  which 
would  have  destroyed  identity  between  the  boilers,  had  such  identity  even 
originally  existed.  The  relative  areas  of  the  fire  boxes  and  tubes  were  very 
diflerent,  the  ratio  l)etween  those  parts  Vicing  as  4  to  1  in  Mr.  Stephenson's,  and 
7  to  1  in  M.  de  Pambour's  boilers.  Neither  was  the  experiment  made  with  a 
blast  into  the  chimney,  and  there  is  every  reason  to  conclude  that  with  a  greatly 
increased  rate  of  combustion,  which  the  blast  would  occasion,  a  very  different 
proportionate  vaporization  would  have  taken  place  in  the  fire  box  and  tube 
compartment  of  the  experimental  boiler ;  and  a  still  greater  difference  in  the 
respective  products  of  the  two  compartments  would  arise  from  a  variation  in  the 
area  of  grate  as  compared  with  the  two  surfaces.  The  theoretic  expression  for 
unit  of  surface  would  have  been  perfectly  exact  and  equally  sufficient  for  M.  de 
Pambour's  purpose,  by  stating  that  a  volume  of  water  expressed  by  0.165  cubic 
feet  was  evaporated  per  hour  by  1  square  foot  of  surface,  which  surface  consisted 
of  ^th  exposed  to  radiating  and  Jths  to  communicative  heat. 

We  thus  see  how  hazardous  it  is  to  quit  a  fact,  for  the  sake  of  a  neat 
expression. 

The  results  which  I  have  just  stated,  as  flowing  from  a  strict  comparison 
of  the  respective  surfaces,  with  the  respective  evaporative  economy,  of  5  out 
of  the  6  engines  operated  upon  by  M.  de  Pambour,  were  to  be  expected, 
and  might  have  been  foretold ;  as  a  larger  pro|)orlionate  area  to  absorb 
the  heal  generated  in  and  escaping  from  the  fire-boxes,  allots  to  each  particle 
of  heated  matter  an  increased  time  to  dispose  of  its  caloric ;  and  this  conformity 
with  a  law  which  would  seem  self-evident,  and  which  b  seen  to  pervade 
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all  the  other  experiments,  is  satisfactory  as  tending  to  confirm  our  reliance  on 
the  care  and  accuracy  bestowed  by  M.  de  Pambour  on  the  conduct  of  his 
highly  valuable  experiments;  nor  would  this  able  experimenter  and  analyst 
have  fallen  into  an  error  of  reasoning  confuted  by  his  own  results,  had  his  atten- 
tion been  equally  given  to  the  phenomena  of  heat,  instead  of  being  confined 
to  facts  which  regarded  the  engine  alone. 

Dependent  on  the  proportions  of  fire  box  to  tubes  in  the  locomotive  boiler, 
other  important  consequences  require  notice.  The  intensity  of  the  heat  will 
be  greater  in  those  boilers  which  present  the  smallest  area  to  receive  the 
radiating  caloric  from  each  pound  of  coal  in  an  unit  of  time,  than  in  those 
exposing  a  larger  area;  tVius,  it  seeras  difficult  to  combine  in  the  locomotive  the 
greatest  sum  of  economy,  with  the  greatest  sum  of  durability — the  dimensions 
of  the  boiler  being  a  limited,  and  the  required  product  of  steam  a  fixed 
quantity. 

In  locomotive  boilers  of  equal  lengths,  and  having  an  equal  number  of 
tubes,  a  larger  fire  box  and  grate  are  necessarily  accompanied  by  a  diminished 
length  of  tubes;  from  which  change  of  dimensions  four  results  flow:  1st,  a 
larger  area  of  grate  in  proportion  to  the  whole  amount  of  fuel  burnt  upon  it ; 
Sndly,  a  larger  area  of  radiant  surface  to  absorb  the  heat  of  each  pound  of  fuel ; 
Srdly,  a  smaller  proportionate  area  to  absorb  the  communicative  heat  fi*om 
equal  weights  of  fuel  burnt ;  4thly,  a  shorter  distance  travelled  by  the  heat, 
and  a  shorter  duration  of  it  in  the  tube  compartment. — It  has  been  shewn  that, 
in  economy  of  fuel,  the  five  engines  ranked  as  follows ;  Leeds,  Vulcan,  Fury, 
Vesta,  Atlas ;  being  in  the  inverse  order  of  the  areas  of  their  fire  boxes ;  the 
fuel  consumed  per  sq^mrefoot  of  fire  lor  per  /tmo%  being  in  the  same  order,  (with 
one  exception,)  viz.  16.03  lbs.,  17.11  lbs.,  15.31  lbs..  13.55  lbs..  10.581bs.,  a 
result  greatly  favouring  the  durability  of  the  larger  fire  boxes,  whilst  the  loss 
in  evaporative  economy  is  as  clearly  traceable  to  an  increased  deficiency  in  the 
element  time  for  the  absorption  of  the  caloric  in  the  tube  compartment. 

These  conclusions  might  seem  to  militate  against  the  results  and  previous 
reasonings  derived  from  enlarged  grates  and  extended  surfaces,  exjwsed  to  the 
radiating  caloric  in  other  boilers.  A  little  examination  and  reflection  will, 
however,  dissipate  the  apparent  contradiction. 

I  stated,  at  the  commencement  of  this  investigation  of  the  properties  of  the 
locomotive  boiler,  that  strict  analogy  between  it  and  others  ceases  with  the 
production  of  heat.  In  all  boilers  supplying  steam  to  fixed  engines,  the  steam 
consumed  by  the  engine — which  is  a  determinate  quantity — governs  the  rate 


STEAM-BOILKRS   AND    STEAM-ENGINES. 


3S 


of  its  generation  in  the  boiler,  and  space  permits  the  adoption  and  use  ol' 
boilers  of  such  dimensions  as  to  endow  them  with  a  power  of  generating  both 
heat  and  steam  greatly  in  excess  over  the  demands  of  the  engine.  This  surpfwt 
power  of  boiler  permits  the  employment  of  the  controlling  agency  of  the 
damper^  which  not  only  regulates  the  generation  of  the  heat,  but  also  detains 
that  heat  about  the  boiler,  and  times  its  departure  from  it 

The  object  of  the  locomotive  engine  is  speed-  Its  tractive  power  has  two 
limits ;  the  force  of  adhesion  to  the  rails,  and  the  supply  of  steam.  Its 
maximum  load  being  determined  by  the  amount  of  adhesive  force,  the 
mechanical  power  of  the  engine  depends  on  the  pressure  of  the  steam ;  and  the 
velocity  of  the  engine  depends  on  the  quantity  of  steam,  at  that  pressure, 
which  the  boiler  can  furnish  in  a  given  time.  Hence  it  is  that  the  power  of  a 
locomotive  engine  has  been  said  by  writers  on  the  subject  to  reside  in  the  Ifoikr ; 
and  so  long  as  the  boiler  is  inadequate  to  supply  any  more  steam  than  is  barely 
sufficient  to  overcome  the  load  determined  by  the  adhesive  force,  or  smaller 
loads  at  higher  velocities,  the  expression  is  true  in  fact,  though  it  appears 
to  me  to  be  neither  a  logical  nor  a  philosophical  expression,  as  it  is  only  true  so 
long  as  the  evaporative  power  of  the  boiler  is  insufficient  for,  or  merely 
balances  the  demands  of  the  engine.  Supposing  the  boiler  to  possess  a  power 
of  fiunishing  steam  to  the  engine  in  excess  over  its  demands,  the  expression  ceases 
to  apply ;  and  until  the  boilers  of  locomotive  and  of  all  other  engines  do  possess  this 
pwrer  in  arcess,  they  must  inevitably  continue  to  be  prodigal  of  heat ;  for  it  is 
only  through  an  ea'ces^  in  Hte  power  of  generating  licat  and  steam  over  i/te  demands 
of  the  engine^  that  we  can  economize  fuel ;  it  is  only  by  this  mrplus  power  that 
sufficient  time  can  be  allowed  for  each  particle  of  heated  matter  to  transmit  its 
burthen  of  caloric  to  the  water,  before  it  quits  the  boiler. 

It  will  be  observed,  that  the  Table  exhibits  the  particulars  of  the  loco- 
motive combustion,  in  M,  de  Pambour's  cxi)eriment8,  coke  being  the  combustible, 
which  has  been  compared  with  that  from  cofd  in  all  the  other  boilers.  I  have 
extracted  from  Mr.  Wood's  third  edition  of  his  Work  on  Railways,  page  333, 
his  own  experiments  on  evaporation  from  a  locomotive,  coal  being  the  com- 
bustible, in  an  engine  termed  by  him  the  "  improved  Killingworth,"  all  the 
elements  of  which  will  be  found  decomposed,  Experiment  XVL  These,  so  far 
as  I  can  ascertain,  are  the  only  recorded  facts  of  locomotive  evaporation  with 
coal  as  fuel ;  and  though  the  boiler  of  the  '*  improved  Killingworlh  engine  "  is 
evidently  one  not  fitted  for  railway  engines  in  general,  (nor  is  it  recommended 
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as  such  by  Mr.  Wood,)  yet  the  facts,  coming  from  so  respectable  a  source,  are 
entitled  to  credence,  and  are  highly  useful  as  illustrating  the  calorific  value  of 
coke  and  coal  as  combustibles  in  the  locomotive. 

Prodigal  as  the  other  locomotives  have  seemed  to  be,  this  boiler  exhibits  an 
appetite  for  fuel  which  a  near  proximity  to  a  coal-pit  alone  could  satisfy  ;  never- 
theless, its  voracity  does  not  appear  to  me  to  be  much  if  at  all  greater  than  other 
locomotive  boilers,  whose  apparefU  evaporation  and  economy  are  superior,  chiefly 
because  they  are  supplied  with  the  stronger  and  more  condensed  food  of  coke. 
In  my  former  paper  I  stated  the  necessity  of  diminishing  the  results  of  evapo- 
ration obtained  from  coke,  in  the  locomotive  boilers,  or  raising  those  from  coal 
in  the  other  boilers,  that  tho  comparison  between  them  might  be  made  on 
equal  terms.  Mr.  Wood's  experiments  on  the  "  improved  Killingworth  boiler" 
tend  to  confirm  me  in  not  having  over-rated  the  strength  of  coke  in  my  former 
estimate,  as  the  evaporation  obtained  by  him  is  4.4  lbs.  of  water  by  1  lb.  of 
coal,  and  that  from  coke  6.2  lbs.  in  the  other  engines,  (from  the  temperature  of 
the  water  in  the  tender,)  being  a  difference  in  favour  of  coke  of  40  per  cent. — 
Though  Mr,  Wood's  boiler,  from  its  dimensions  and  proportions  of  parts,  would 
be  considered  inferior  in  its  economic  qualities,  compared  with  the  other  loco- 
motive boilers  examined,  I  do  not  think  it  much  so,  and  it  possesses  some 
advantages  which  the  others  have  not ;  and,  though  I  find  M.  de  Pambour, 
page  349,  quoting  from  Mr.  Wood,  that  "  a  ton  of  coals  of  good  quality  produces 
a  little  more  evaporation  than  the  same  weight  of  good  coke,"  I  feel  fortified 
by  the  positive  fact  now  adduced  from  experiments  by  Mr.  Wood  himself,  in 
adhering  to  my  former  conclusion,  and  I  have,  consequently,  in  all  the  fore- 
going comparisons,  reduced  the  evaporative  product  obtained  from  the  loco- 
motives by  20  per  cent.,  leaving  the  precise  facts  of  the  experiments  in  the 
Table* 


*  When  writing  my  paper  of  last  seaaion,  I  was  not  aware  that  any  doubt  of  the  fact  of  the 
superior  strength  of  cuke  over  coal  existed  ;  and  seeing  that  every  day  practice  and  experience 
in  various  arts,  and  under  steam-boilers  aUo,  reriflcd  my  own  opinion,  the  only  question  in  my 
mind  was  the  degree  of  difterencc  in  calorific  value  of  the  two  combustibles,  and  I  contented 
myself  by  as&igning  }th  in  favour  of  coke,  which  I  then  thought,  and  still  think,  too  low.  It 
seems  that  Smeatoa  found  the  effect  of  coke  to  be  gtlis  that  of  an  equal  weight  of  tho  same 
coals  from  which  the  coke  was  made — 06  lbs.  of  coke  being  obtained  from  100  lbs.  of  coal, 
(Farey  on  (he  Steam-Enginc,  page  172.)  but  it  does  not  appear  that  he  made  any  alteration  in 
his  grate  to  suit  it  fur  coke,  and  without  such  adaptation  the  experiment  tells  nothing.  I  have 
fotmd,  by  proper  management,  75  lbs.  of  coke  equal  in  effect  to  100  lbs.  of  tKe  self-same  coal 
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AN   INVESTIGATION 

OF 

THE  RELATIVE  TIME  DURING  WHICH  THE  PRODUCTS  OF  COMBUSTION,  FROM 
EaUAL  WEIGHTS  OF  FUEL,  CONTINUE  IN  OPERATION  ON  EQUAL  AREAS  OF 
THE  SURFACE  OK  THE  BOILERS;  WITH  AN  ESTIMATE  OF  THE  QUANTITY  AND 
INTENSITY    OF    THE    HEAT   APPLIED   TO    TUEM. 

The  structure  of  the  parts,  and  the  mode  of  setting  a  boiler,  occasion  the  heat 
applied  to  it  to  travel  greater  or  less  distances,  and  to  pass  over  very  unequal 
extents  of  surface,  in  equal  or  unequal  times.  The  distance  travelled  I  shall 
consider  as  determined  by  the  length  of  the  circuit  which  the  heat  is  compelled 
to  traverse  from  the  grate  till  it  quits  the  boiler.  The  time  in  which  it  performs 
the  circuit,  is  the  period  of  the  duration  of  a  particle  of  heat  about  the  boiler, 
and  is  the  first  question  to  be  considered. 

from  which  the  coke  was  made,  by  actual  practice  on  many  tons  during  BevcnJ  weeks  of  work. 
Mr.  Pellatt'a  mode  of  burning  coke  exhibits,  In  a  far  more  perfect  manner  than  any  steam-boiler 
can  do,  the  relative  calorific  value  of  coke  and  coal.  The  space  within  his  glass  pot  furnace 
gives  abundant  room  for  the  combination  of  air  with  the  gaseous  products  ;  the  flames  are  not 
extinguished  by  comparatively  cold  surfaces  like  those  of  a  boiler,  which,  after  inflammation, 
reduce  them  back  again  into  smoke ;  the  heat  requisite  for  perfect  combustion  is  always  pre- 
sent ;  and  his  furnaces  are  particularly  favourable  to  the  development  of  all  the  power  of  coal ;  yet 
be  finds  common  gas  coke  to  be  superior  to  coals  in  heating  power  by  25  per  cent. ;  and  f;as  coke 
is  stated  by  M.  de  Pamhotir  to  be  found  inferior  to  Worsley  coke  by  IS  J  per  cent.,  which  no  one 
acquainted  with  coke  will  doubt — thus  exhibiting  an  excess  over  coal  by  37^  per  cent,  from 
good  oven  coke.  Coke  may  be  defined  to  be  the  concentrated  essence  of  coal;  it  has  been 
deprived  of  its  weaker  cidorific  elements  ;  it  consists  chielly  of  carbonaceous  matter,  and  must, 
necessarily,  give  out  a  much  greater  quantity  of  heat  than  an  equal  weight  of  coal.  If  the  results 
of  locomotive  practice  be  such  as  have  been  presented  by  M.  de  Pambour  and  Mr.  Woodi 
(though  not  confirmed  by  tlie  latter  gentleman's  experiments  above  quoted,)  they  merely  shew 
that  a  locomotive  furnace  and  boiler  arc  ill  adapted  lo  devclopc  the  power  eitlier  of  coke  or 
coal;  and  tliey  simply  prove,  that  in  the  way  in  which  coke  and  coal  are  submitted  to  combus- 
tion, and  their  heat  to  absorption  in  that  boiler,  the  loss  on  the  whole  heat  generated  is  propor- 
tionally  much  greater  on  coke  than  coal.  The  products  of  the  combustion  of  coke  (unincumbered 
with  the  caliginuus  particles  attending  that  of  coal,  and  occupying  much  less  space  than  flame)  es- 
cape mure  rapidly  and  freely  through  the  tubes  than  tlie  more  gaseous  and  voluminous  products  of 
coal,  from  which  they  have  previously  been  purified.  That  the  heat  from  coke  is  more  intense 
than  that  fromcoal  is  a  matter  ofnotoriety,  and  the  fact(if  ithe  n  fact)  of  coal  having  produced  as 
great  an  efiect  as  coke  in  locomotives  probably  arises  from  the  longer  detention  of  the  Same  and 
heat  of  the  former  within  the  boiler,  because,  from  its  greater  volume  and  expansion  1/  cannot 
get  out  as  fast  as  the  heat  of  coke,  wluch  may  have  led  to  the  hasty  ond  fallacious  conclusion, 
that  coke  la  the  weaker  combustible. 
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The  rate  of  combustion,  or  the  time  in  wliich  a  pound  of  fuel  is  burnt,  seems 
to  me  to  be  the  best  practical  measure  of  the  velocity  of  the  products  of  that 
combustion  about  a  boiler.  The  mind  readily  apprehends,  that  if  a  pound  of 
coal  be  consumed  under  one  boiler,  in  half  the  time  that  it  is  consumed  under 
another,  the  velocity  of  the  current  must  be  twice  as  rapid  in  the  one  case  as  in 
the  other ;  but  if  the  velocity  be  expressed  in  feet  per  minute,  or  miles  per 
hour,  no  information  is  conveyed  of  an  appreciable  or  practical  nature  ;  nor  does 
that  expression  reach  the  source  or  origin  of  the  current,  viz.,  the  rate  of  com- 
bustion. The  real  velocity  of  the  current  of  heat  is  not  determinable  from  this 
datum  of  the  rate  of  combustion,  and  it  is  very  different  in  different  parts  of  the 
same  lx)ilcr,  nor  can  it  be  accurately  ascertained  without  some  fitting  instrument ; 
and  all  that  has  been  written  about  the  density  and  rate  of  motion  of  the  heat  in 
a  locomotive  boiler — based  on  calculations  of  its  velocity  from  that  of  the  steam 
escaping  from  the  blast  pipe — strikes  me  as  utterly  worthless  in  a  practical 
sense,  as  giving  no  knowledge,  and  leading  to  no  useful  end ;  and  such  calcula- 
tions would,  I  am  convinced,  be  found  very  wide  of  the  truth  if  tested  by  a 
meter  *. 

I  shall  simply  attempt  to  determine  the  relative,  not  the  positive,  times 
occupied  by  the  heat  in  operating  on  the  different  boilers  under  review,  and  state 
the  result  in  terms  of  the  ratios  which  these  times  bear  to  each  other.  In 
endeavouring,  therefore,  to  estimate  the  value  of  lime  as  an  element  influencing 
evaporative  results,  I  shall  consider  it  to  be  referable^ 

Ist.  To  the  rate  of  combustion. 

2d.  To  the  distance  passed  over  by  the  products  of  combustion  before  they 
quit  the  boiler. 

3d.  To  the  lime  in  which  the  heat  traverses  the  boilers. 

4th.  To  the  period  of  the  duration  of  the  heat  about  equal  areas  of  surface. 

It  is  necessary  to  state  that  the  rate  of  combustion  now  spoken  of,  is  not  the 
rate  reckoned  on  the  square  foot  of  grate,  but  the  consumption  of  fuel  in  an  unit 
of  time  under  one  lx>iler  of  each  class.  It  has,  therefore,  been  necessary  to  reduce 
the  whole  weight  of  fuel  burnt  in  a  given  time,  in  the  several  experiments,  to  its 
equivalent  under  ofie  boiler.  The  evaporative  results  are  not  affected  thereby, 
but  remain  strictly  comparable  with  the  results  arising  out  of  the  present  inves- 
tigation, and  the  facts  which  appear  in  Table  II.,  as  data  required  for  this 
analysis,  are  all  derived  from  particulars  given  in  Table  I. 

♦  Wood  on  Rwlways.     Third  Edition,  page  508. 
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Table  II. 


lUia  of  combuitkni  ia  om  DoUtr. 

ctreult 

or 

the  Heat. 

timed 
lurfkK- 

Boilen. 

PnutuU  burnt 
per  mlnulv. 

Tltn»  In  bumlnc 

1.361 
1.560 

3.0*20 
U.2U5 

44.0H 

a».3i 

10.57 
0.45 

n. 

155.00 

6U.00 

72.30 

7.00 

06I.«6 
151. GO 
342.H1 
334.56 

Mean  Wagon,. 
Locomotive.... 

PRorosiTioN  1.  The  velocities  of  the  current  of  healed  matter  through 
each  boiler,  will  be  to  one  another  directly  as  the  rates  of  combustion,  and  in- 
versely as  the  time  in  which  equal  weights  of  fuel  are  burnt.  Using  the  latter 
measure,  it  appears  that  the  respective  velocities  are, 

Locomotive  to  tlie  Cornish      as  44.08  to  6.45,  or  6.835  to  1. 
Ditto  Warwick        S8.31  to  6.45,  or  5.939  to  1. 

Ditto  Mean  wagon  16.57  to  6.45,  or  2.569  to  I. 

Proposition  2.    The  distances  passed  over  by  the  heat  before  it  quits  the 
boiler,  are  to  each  other  directly  as  the  circuits  of  the  boilers :  thus  the 
Locomotive  is  to  the  Cornish         as  7  to  155.00,  or  1  to  29.142. 
Ditto  Warwick       as  7  to    50.66,  or  I  to    7.237. 

Ditto  Mean  wagon  as  7  to    72.50,  or  1  to  10.357- 


Proposition  3.  The  times  in  which  the  surface  of  the  several  boilers  is 
traversed  by  the  heat,  will  be  to  each  other,  as  the  products  of  the  ratios  of  the 
velocities  of  the  current,  or  rates  of  combustion,  multiplied  into  the  ratios  of  the 
lengths  or  circuits  travelled :  thus  the 

Locomotive  is  to  the  Cornish  as  6.835   x   22.142  =  151.34  to  1. 

Ditto  Warwick        as  5.939   x     7-237  =     42.98  to  1. 

Ditto  Mean  wagon  as  2.569  x  10.357  =     26.60  to  1. 

These  last  found  sums  truly  represent  the  difference  in  the  periods  occupied 
by  the  passage  of  a  particle  of  heat  from  the  grate,  till  it  quit.s  the  boilers;  they 
consequently  represent  the  difference  in  the  periods  of  duration  about  the  boilers 
of  the  products  of  combustion  from  equal  weights  of  fuel ;  and  we  see  that  the 
heat  of  a  poimd  of  fuel  remains  in  operation  15 1^  tmies  in  the  Cornish,  43  times 
in  the  Warwick,  and  26^  times  in  the  mean  wagon  eiiDeriments  longer  than  it 
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remains  in  the  locomotive  boiler.  In  like  manner  the  mutual  ratios  of  the  dur- 
ation of  the  heat  about  the  Cornish  and  other  boilers  respectively  are  ex- 
hibited. 

During,  however,  the  periods  in  which  the  heat  thus  acts  upon  the  boilers, 
it  has  spread  itself  over  very  varying  extents  and  qualities  of  surface.  It  issues 
from  the  locomotive  after  travelling  only  7  feet ;  but,  in  that  length,  it  has 
passed  through  96  tubes  *,  in  as  many  streams  or  volumes,  and  communicated 
caloric  during  its  transit,  to  334^  square  feet.  In  the  other  boilers,  the  heat 
makes  its  circuit  in  one  unbroken  volume,  it  visits  each  portion  of  the  boiler  in 
succession,  and  it  finally  escapes  in  the  same  xmbroken  volume  f.  Though, 
therefore,  we  have  found  as  above,  the  ratios  of  the  periods  of  the  duration  of 
the  heat  in  the  several  boilers,  we  have  yet  to  find  the  relative  time  occupied 
by  it  in  giving  off  its  caloric  to  e^tal  portions  of  mrface.  This  is  the  second 
question  to  be  considered,  and  is  very  easily  solved. 

Proposition  4.  The  heated  areas  of  the  boilers  are  to  one  another  respect- 
ively, as  follows :  the 

Cornish  is  to  the  Locomotive  as  96\M  to  334.56,  or  2.874  to  1. 
Warwick  ditto  151.66  to  334.56,  or  0.453  to  1. 

Mean  wagon  ditto  342.81  to  334.56,  or  1.024  to  1. 

Proposition  5.  The  periods  of  the  duration  of  the  heat  about  equal  areas 
of  surface,  in  the  different  boilers,  will  be  to  each  other  as  the  products  of  the 
ratios  of  the  velocities  of  the  current,  or  rates  of  combustion,  multiplied  into  the 
ratios  of  the  respective  surfaces  exposed  to  absorb  the  heat :  and  the 

Cornish  is  to  the  Locomotive  as  C.835  x  2.874  =  19.64  to  1. 

Warwick  ditto  5.93<)   x   0.453  =     2.69  to  1. 

Mean  wagon         ditto  2.569  x   1.024=    2.63  to  1. 

Thus  we  find  that  the  heat  from  equal  weights  of  coal  acts  upon  equal  areas 
during  1  minute  in  the  locomotive,  and  during  2.63,  2.69>  and   19.64  minutes 


•  The  average  number  in  the  boilers  experimented  upon  by  M.  de  Pambour. 

f  Though  in  the  Cornish,  and  such  of  the  other  boilers  as  have  internal  flues,  the  heat  is 
tj>Ut^  during  a  portion  of  its  progress,  into  two  currents,  the  latter  unite  before  quitting  the 
boiler,  and  numberless  exi»criraenis  in  setting  these  boilers  have  proved  tlie  eflect  to  be  the 
BARIC,  whether  having  what  is  termed  a  wheel,  or  a  split  draft.  I  have,  therefore,  for  the  sake  of 
aimpHcity,  spoken  of  tlie  heat  making  tlie  circuit  of  these  boilers,  '*m  one  unbroken  totume" 
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respectively  in  the  other  hoilers.  These  then  may  be  properly  termed  the 
relaike  periods  of  caiorijic  action,  arising  out  of  the  structure  and  practice  of  each 
class  of  boilen 

The  truth  of  these  results  may  be  confirmed  by  another  process.  It  is  the 
tome  thing  to  bum,  as  in  the  Cornish  boiler,  one  pound  of  coaJ  in  44.08  seconds, 
and  apply  the  heat  to  961.6*6  square  feet  of  Ijoiler,  as  to  burn  44.08  lbs.  in  one 
second  of  time,  and  apply  the  heat  to  44.08  times  as  great  a  surface.  We  should 
thus  find  that  42389  square  feet  would  be  the  area  corresponding  with  that  in- 
creased rate  of  combustion  for  the  Cornish  boiler.  In  hke  manner  2157  square 
feet  would  be  the  equivalent  surface  for  a  rate  of  combustion  in  the  locomotive 
increased  by  6.45  times.  The  quotient  of  42S89  -r  2157  is  19*64  as  above, 
and  represents  precisely  tlie  difierence  in  time  during  which  the  beat  elicited 
from  a  pound  of  coal  remains  in  operation  under  equal  surfaces  in  the  Cornish 
and  locomotive  boilers  respectively. 

Were  the  respective  surfaces  and  structure  of  boilers  of  an  identical  nature, 
and  the  practice  in  each  case  equally  skilful,  surface  and  time  would  be  con- 
vertible terms,  and  ratios  obtained  by  the  foregoing  process  would  express  with 
precision  the  additional  areas  requisite  to  be  given  to  one  boiler,  in  order  that  its 
evaporative  economy  should  correspond  with  that  of  any  other  boiler  compared 
with  it ;  and  though  we  are  ignorant  of  the  heat-transmitting  powers  of  plates 
of  metal  of  varying  thicloiesses,  as  also  of  the  effect  of  their  position  in  the 
arrangement  of  the  parts  of  a  boiler ;  nevertheless,  by  this  method  of  analysis, 
we  can  make  ourselves  acquainted  with  the  fact,  and  with  the  amount  of  any 
deficiency  in  the  element  time  by  the  comparison  of  inferior  with  superior 
bo'ders ;  and  we  are,  by  these  means,  informed  of  the  relative  degree  in  which 
that  element  is  possessed  by  the  difiereut  boilers  under  review. 

We  know,  however,  that  boilers  in  every  respect  alike  as  to  structure, 
strength,  proportion  of  parts,  &c.,  3'ield  very  different  results  from  different 
treatment,  as  shewn  in  numerous  instances  in  Table  I. ;  so  that  these  indica- 
tions of  the  effect  of  time  must  be  viewed  simply  in  the  light  of  so  many  facts 
attending  the  comparative  practice  of  the  several  classes  of  boiler  in  the  experi- 
ments under  examination,  and  not  as  determinate  of  any  law  or  rule  by  which 
the  period  of  calorific  action,  or  the  extent  of  surface  requbite  for  obtaining  equal 
effects  from  equal  weights  of  fuel,  in  all  fintis  and  condifiom  of  boiler,  are  go- 
verned.    There  can  be  no  question  but  that  time,  in  some  amount,  is  indispeus- 
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able  for  the  transmission  of  heat  to  water  through  the  vessel  which  contains  it 
— whatever  be  the  structure  or  strength  of  that  vessel ;  but  it  is  equally  cer- 
tain that  the  quality  of  the  fuel,  the  intensity  of  the  combustion,  the  nature  and 
strength  of  the  material  of  the  vessel,  the  form  and  arrangement  of  its  parts, 
the  proportion  of  one  part  to  another,  and  other  causes  exercise  also  no  incon- 
siderable influence  over  evaporative  results :  I  thought  it,  therefore,  better  to 
separate  this  more  analytical,  from  the  more  purely  practical  part  of  the  subject, 
than  to  risk  confusion  by  involving  the  abstract  question  of  time  and  its  influ- 
ence, in  the  consideration  of  the  effects  produced  by  other  phenomena  on  the 
performance  of  the  boilers. 

The  following  Table  exhibits,  in  juxtaposition,  the  rates  of  combustion,  the 
evaporative  results,  the  ratios  now  found  of  the  periods  of  calorific  action,  with 
the  gain  and  loss  of  effect,  by  which  the  influence  due  to  time,  on  the  economy  of 
heat  may  be  accurately  appreciated. 

Table  III. 


SOILKRS. 

nal«  of 

oofntMition. 

Water 
by  1  lb.  or 

CO*). 

Batiw  or  the  total  du- 
nttoa  »r    the  hnt  in 
the  boiler*  from  equal 
wctghU  oT  Rwl 

nuiof  of  tbs  dunUoo 
of  cqiuU  unuunu    or 
hflM.  About  eqtuil  ftraas 
orihcboUen. 

LoM   of   •ra- 

potmilte    elhct, 
ibe       Combb 
ivnilti       being 
unitT. 

Oain    of  v«a- 

rorativp  cIlK-t, 
Iha  Locomothc 
raulu       bchif; 
unity. 

Mean  Wagon 
Locomotive.. 

lib.  in 
Mvunda. 
44.08 
38.31 
10.57 

G.4o 

81K 

Its. 

U.H2 

10.32 

8.83 

5,67 

*        Ejommotlrii. 
I'nhy. 

155.00 

42.0}) 

26.60 

0.00 

Locomotive. 
Dnitf. 

10.04 

2.00 

2.03 

0.00 

Pttf  ccot- 

12.60 
24.45 
51.18 

Plt  cctil. 

104.85 
70.02 
53.03 

Having  thus  ascertained  the  relative  periods  of  the  total  duration  of  the 
heat  about  the  boilers,  aud  about  equal  areas  of  the  entire  surface,  which  ap- 
pear 80  vitally  to  affect  economy,  two  other  important  phenomena  press  them- 
selves on  the  attention,  as  having  an  especial  bearing  on  the  durability  of  the 
boilers  ;  viz.,  the  relative  quantity,  and  the  relative  intensity  of  hejat  given  off 
to  those  portions  of  the  boilers  which  are  exposed  to  the  direct  action,  or  radiating 
caloric  of  tlie  fire.  As  data  for  this  investigation  it  is  necessary  to  extract  from 
Table  I.  the  areas  of  the  radiant  surfaces,  and  grates. 
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1  BOILER. 

ArMOEpOMd 

to 
ndiuit  hoU. 

AiMOf  theGntei. 

Mean  Wagon 
Locomotive.... 

Sq.ft. 

35.33 
35.66 
39.82 
41.47 

Sq.ft 

23.66 

23.50 

20.87 

7.00 

Proposition  6.  The  quantities  of  heat,  generated  in  equal  times,  are  directly 
as  the  rates  of  combustion  before  found,  Prop.  1. 

Proposition  7.  The  areas  of  the  boilers  exposed  to  the  radiating  caloric  are 
to  one  another  as  follows ;  the 

Locomotive  to  the  Cornish  as  41,47  to  35.33,  or  as  1  to  0.851. 

Ditto  Warwick  as         41.47  to  35.66,  or  as  1  to  0.860. 

Ditto  Mean  Wagon  as  41.47  to  39.82,  or  as  1  to  0.960. 

Proposition  8.  The  quantity  of  heat  supplied  to  equal  areas  of  these  por- 
tions of  the  boilers,  will  be  as  the  products  of  the  ratios  of  the  rates  of  combus- 
tion multiplied  into  the  ratios  of  the  radiant  surfaces ;  thus  the 

Locomotive  is  to  the  Cornish  as  6.835  x  0.851  =  5.81  to  1. 

Ditto  Warwick  as         5.939  x  0.860  =  5.10  to  1. 

Ditto  Mean  Wagon  as  2.569  x  0.960  =  2.46  to  1. 

These  sums  indicate  that  in  equal  periods  the  locomotive  fire  box  is  supplied 
with  5.81  times  more  heat  than  an  equal  area  of  the  Cornish,  and  5.10  and  2.46 
times  more  heat  than  the  Warwick  and  mean  wagon  boilers ;  and  they  would  ex- 
press the  relative  force  of  calorific  action  on  each  square  foot,  or  on  equal  areas 
of  the  siu-faces  under  review,  provided  the  fuel  were  burnt  on  grates  of  equal 
size ;  but  the  intensity  of  the  calorific  action — by  which  the  durability  of  the 
boilers  is  principally  affected,  as  also  the  product  in  steam  from  the  radiant  sur- 
faces— must  be  measured  in  a  different  manner. 

The  quantity  of  heat  supplied  to  any  boiler  would  not  afiect  the  material  of 
which  it  is  composed  any  the  more,  whether  that  quantity  or  volume  were 
greater  or  less,  provided  its  temperature  or  intensity  remained  the  same.     This 
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intensity  varies  greatly  in  the  different  boilers.  We  have  seen  that  on  the  grate 
of  the  locomotive  6.835  times  more  heat  is  generated  in  equal  periods  than  on 
the  Cornish  grate ;  but  the  grate  of  the  locomotive  has  only  7  feet  area,  whilst 
that  of  the  Cornish  has  23.66  feet ;  and  we  know  that  nearly  7  times  as  much 
fuel  cannot  be  burned  in  equal  times  off  a  grate  less  by  two  thirds  than  another 
grate,  without  the  accelerated  combustion  being  accompanied  by  a  very  con- 
siderable elevation  of  temperature  in  the  products  of  combustion.  The  mtensiiy 
of  that  combustion  must,  therefore,  be  found  before  its  intensity  of  action  on  the 
surfaces  exposed  to  it,  can  be  ascertained. 

Proposition  9.  The  areas  of  the  grates  are  to  one  another  as  follows ;  the 
Locomotive  is  to  the  Cornish  as  7  to  23.66,  or  1  to  3.380. 
Ditto  Warwick       7  to  23.50,  or  1  to  3.357. 

Ditto  Mean  Wagon       7  to  20.87»  or  1  to  2.981. 

Proposition  10.  The  relative  intensity  of  the  combustion  of  the  fuel  will  be 
as  the  products  of  the  ratios  of  the  areas  of  the  grates  multiplied  into  the  ratios 
of  the  rates  of  combustion  upon  those  grates  ;  thus  the 

Locomotive  is  to  the  Cornish  as  6.835  x  3.380  =  23.10  to  1. 
Ditto  Warwick      5.939  x  3.357  =  19.93  to  1. 

Ditto  Mean  Wagon      2.569  x  3.727=   7-65  to  1. 

As  a  proof  that  these  last  ratios  are  correct  exponents  of  the  relative  force  or 
intensity  of  combustion  in  equal  times,  they  will  be  found  to  coincide  precisely 
with  the  difference  in  the  weights  of  coal  burnt  on  each  square  foot  of  grate  per 
hour,  as  shewn  in  Table  I.,  column  20. 


PROOFS. 

79.5  coal  burnt  on  each  square  of  grate  per  hour,  in  the  locomotive  -r  3.4  lbs., 
the  rate  of  the  Cornish  =  23.03  ratio. 

lbs.        lbs. 

79.3  -7-  4       the  rate  of  the  Warwick  =  1 9.8  ratio. 
79.3 -r- 10.4  Mean  Wagon  =   7-6  ratio. 

By  involving  these  ratios  with  those  of  the  respective  areas  of  the  radiant 
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surface,  the  intensify  of  the  calorific  action  on  equal  areas,  in  equal  times,  will  be 
made  manifest. 


Proposition  11.  The  relative  intensity  of  calorific  action  on  the  surfaces  ex- 
posed to  radiant  heat,  will  be,  as  the  products  of  the  ratios  of  the  intensity  of 
combustion  on  the  several  grates,  multiplied  into  the  ratios  of  the  areas  of  the 
radiant  surfaces ;  and  the 

Locomotive  is  to  the  Cornish  as  23.10  x  0.851  =  19.65  to  1. 
Ditto  Warwick       19-93  x  0.860  =  16.83  to  1. 

Ditto  Mean  Wagon         7.65  x  0.960=   7.34  to  1. 

The  proofs  of  this  solution  of  the  problem  will  appear  by  the  identity  of  the 

last  ratios  with  the   quotients   of  23.10  x 


35.33,  ^n  T  n  no     35.66  j     /. 

;;  of  19.93  X  :rr~rzz9  and  of 


41.47 


41.47 


7.65  X 


39.82 


;  being  the  respective  ratios  of  fuel  burnt,  and  of  radiant  surface 
41.47 

between  the  locomotive  and  the  three  other  boilers. 

The  results,  arising  out  of  the  foregoing  propositions  as  affecting  the  durabiliiy 

of  the  boilers  to  a  great,  and  their  safeti^  to  a  certain  extent  are  classified  in 


Table  V. 


BOILERS. 

lUtiOi  of  the  intmtltT  of  the 
combuitkH]  In  the  lemd  faoUen, 
to  thu  iB  the  LoooDKiUTei  mdb 
holler  unitT. 

lUtkw    of    the    tetensity   ot 
okirlfic  action  tM  the  parts  ex- 
poMd  to  radiant  beat  to  that  in 
the     Looomotlve,    eadi     boiler 
being  unity. 

lUtkw  to  LooomotlTe. 
1  to  23.10 
1  to  19.93 
1  to    7.66 

Radoi  to  LocomotlTt. 

1  to  19.65 
1  to  16.83 
Ito    7.34 

I  have  used  the  phrase  intensity  of  calorific  action  rather  than  intensity  of 
heat  or  temperature,  as  these  sums  by  no  means  express  the  difference  in  the 
degrees  of  the  latter.  I  am  not  aware  that  the  temperature  of  boiler  fires  has 
ever  been  ascertained  pyrometrically  or  otherwise,  nor  do  I  very  clearly  see  how 
such  indications  could  be  obtained  by  instruments  ;  nor  would  any  ascertained 
temperatures  denote  the  effect  of  what  I  have  termed  calorific  action  on  the 
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metal  of  the  boilers.  The  intensity  of  that  action  is  not  referable  to  the  tem- 
perature of  the  fire  alone ;  it  is  modified  by  the  distance  of  the  fire  from  the 
surfaces  exposed  to  it,  in  proportion  to  tlie  squares  of  those  distances  ;  it  is  modi- 
fied by  the  nature  of  the  combustible  used ;  by  the  nature  of  the  j>arlicular 
gasses  which  impinge  against  the  metal ;  by  the  force  with  Avhich  the  radiant 
particles  are  thrown  off  from  the  grate ;  also,  by  the  force  with  which  the 
fiames  strike  the  absorbing  surface  ;  and  I  conceive  the  latter  force  to  be  infi- 
nitely more  influential  on  the  durability  of  an  evaporative  vessel^  than  that  of 
the  radiating  caloric,  as  the  temperatiu*e  of  flame  is  much  more  elevated  than 
that  of  radiant  heat. 

Intensity  of  combustion  is  the  efiect  of  the  velocity  of  the  current  of  air 
upon  the  fire ;  and  what  I  wish  to  convey  by  the  phrase  intensity  of  cdoHfic 
aUiofif  is  the  joint  force  arising  from  the  increased  temperature,  and  increased 
velocity  of  the  product  of  combustion ;  and  the  degrees  of  durability  are  the 
consequences  of  the  effects  produced  by  this  force  upon  the  material  of  the 
vessels.  It  is  clear  that  the  temperature  of  the  heat  in  the  fire-box  of  a  loco- 
motive is  not  pyrometrically  eighteen  times  more  elevated  than  that  within  the 
furnace  of  a  Cornish  boiler  ;  nevertheless,  the  ratios  found  in  Proposition  1 1  are 
facts  as  regards  the  relative  action  of  the  fires,  and  they  are  not  bad  approximate 
measures  of  the  effects  caused  by  the  different  systems  of  practice  upon  the 
durability  of  those  portions  of  the  boilers  which  axe  exposed  to  what  is  called 
radiant  heat,  or  radiating  caloric  ;  a  phrase  which  expresses  a  very  inadequate 
idea  of  the  severe  action  to  which  these  surfaces  are  subjected. 

The  advantage  of  slow  combustion  will,  by  these  investigations,  have  been 
rendered  more  evident  than  by  considering  its  effect  on  economy  alone ;  and 
the  influence  of  time  as  an  element  concerned  not  only  in  the  generation,  but  in 
the  subsequent  use  of  the  heat,  will  be  better  appreciated. 

Having  exhibited  the  relative  state  in  which  the  heat  is  found  within  the 
furnaces  of  the  several  boilers,  it  would  be  easy  to  shew  its  condition  and 
relative  intensity  upon  the  communicative  portions  ;  but  as  a  comparison  has 
already  been  given  of  its  diu-ation  about  equal  areas  of  the  entire  surface,  I 
conceive  the  influence  of  time  will  be  sufiiciently  imderstood  without  pursuing 
the  investigation  further. 
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Table  L 
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I. 


V. 
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I.  &  n 


East  Crinnis 


BiimeT  Downs 


Warwick . 


Clithera 

Ditto  ..*«.. 
Preston  ,».*,* 
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Ditto  ."... 
Albion  itiilla 
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Ditto  
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10 


3 
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90.0 
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81.0 
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w 
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ItM. 
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59.75 
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u 
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RESULTS  of  an  ANALYSIS  of  the  influence  exerted  on  tlie  Evaporative  Economy,  and  Durability  of  the  Boilers, 

by  the  Time  occupied  in  generating  and  employing  the  Heat. 


COMPARATIVE  ECONOUV. 


BoiLUC. 


Cornish 

Warwick 

Mean  Wagon. 
Locomotive... 


I  lb.  KMl  In 
KCnndi. 
44.0H 
38.31 
ie.67 
0.4d 


4B 


11.82 

10.32 

B.»3 

5.67 


40 


VocomfitSve 

Valtr. 

155.00 

42.98 

2G.<Si) 

0.00 


dO 


Unity. 

ID.  04 

2.oy 

2.63 
0.00 


51 


id 


L(M( 

per  era  t. 
0.00 

12.60 
24.43 
51.18 


52 


f'f- 


11  Ji 


Gain 

104.B5 

70.02 

53.03 

0  00 


DURABILITY. 


-I? 


53 


Ratio*  to 

ll>CUt11utJ^X'. 

1  to  23-10 

1  to  19.00 

1  to    763 

0.00 


RAtlmto 

lix-oniotl«c. 

1  to  19.65 

1  to  10.83 

1  to    7.34 

0.00 
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„     .     ,  NOTES. 

I.— See  Mr.  Ilenn-ood's  paper.  Transactions  of  the  Institution  of  C.  E.,  Vol.  11.  page  56.  The  additional  dimensions  of  thi 
boilers,  not  found  in  Sir.  Henwood's  paper,  were  afterwards  obtained  from  him. 

II. — ^The  particulars  of  these  boilers,  which  were  carefully  measured  by  the  resident  engineer,  were  supplied  to  me  by  Mr 
Jolin  Taylor.  Tlie  quantities  of  coal  and  water  are  reduced  from  Bmonths  to  the  consumption  of24  hourb,  fromTabll 
n.  of  my  paper.     Vol.  II.  p.  174. 

III.,  IV. — See  Mr.  Ilenwood's  paper,  p.  56. 

V. — This  is  the  mean  (reduced  lo  loj  hours,  or  the  period  of  an  actual  day's  work")  of  6  complete  months'  registration  of 

tiie  coul  couHiimed,  and  water  evaporated  from  mv  own  boilers  at  Warwick,  working  a  20  horse  steam-engine,  and  sup 
plying  n  dye-house,  wash-house,  &c.  The  coal  is  the  entire  weight  burnt  off  the  grates,  raking  at  night,  and  all  waaU 
includiMl.  The  water  was  gauged  from  a  rectangular  reservoir,  holding  more  than  a  day's  consumption,  and  includei 
all  waste,  except  that  required  to  refill  a  boiler  when  cleaned,  and  a  certain  quantity  which  was  blown  out  of  eac 
boiler  every  night.  One  of  the  three  boilers  was  emptied  every  week,  the  water  beina;  very  foul ;  at  the  same  tinw 
the  dust  was  cleared  away  from  the  flue  bottoms,  and  the  sides  of  the  boilers  were  well  scoured  to  remove  the  soof, 
This  latter  operation  was  effectually  performed  by  dragging  backwards  and  forwards  a  stuHed  bag,  covered  on  thi 
ouuide  with  coarse  woollen  cards,  and  fitting  pretty  tight  between  the  Hue  wall  and  the  boiler.  By  numerous  trials 
was  found  that  the  incrustation  of  soot  impodi'd  the  nbsorj)tion  of  heat  by  the  boilers  (and  consequently  increased  tbtf 
consumption  of  fuel)  more  than  the  deposit  within  them,  which  was  considerable,  but  never  suffered  to  becoi 
indurated. 

VI.— The  sum  of  Experiments  2  and  3,  Table  I.  of  my  former  paper,  page  171- 

VII.— Sci-  Exiwrimcnt   6.     .         .         .       ditto       .         .       ditto       .       ditto. 

VHI.,  IX.,  X.— See  Experiments  6,  7,  8       ditto       .         .       ditto. 

XI. — Watt  and  Rennie,  ann.  17H0.  (Farey  on  the  Steam-engine,  Vol.  I.  p.  611.) 

XII.— The  sum  of  Experiments  0  and  10, 1'able  I.  of  my  former  paper. 

U,  12  and  13, 


XIII.— Ditto 


ditto. 


XIV. — Smeaton's  Newcomen  engine,  an.  1772.  (Farey  on  the  Steam-engine,  Vol.  I.  p.  173.) 

XV. — The  mean  of  II  experiments,  of  which  0  are  given  in  my  former  paper,  Tabic  III.,  p.  176.  (Pambour  on  Locomotir 

Engines,  paffcs  175.  A*0.) 
XVI.— See  Wood  on  Railways,  3d  ed.,  pp.  333  and  521. 

N.fi. — The  quantities  of  water  in  the  columns  of  evaporation  from  212"  have  been  obtained  from  the  real  quantiti 
which  entered  tlie  boilers  by  the  rule  and  table  given  in  my  former  paper,  pp.  178  and  170- 


London,  December,  13^8. 


JOSIAH  PARKES. 


II. — On  Steam-Boilers  and  Steam-Engines. 
By  JOSIAH  PARKES,  M.In8t.C.E. 


PART   II. 

ON  STEAM-ENGINES,  PRINCIPALLY  WITH   REFERENCE  TO  THEIR  CONSUMPTION  OP 

STEAM,  AND  FUEL. 

In  the  introduction  to  this  branch  of  my  subject,  (page  2,)  I  have  already 
expressed  an  opinion,  that  the  weight  of  water,  in  the  shape  of  steam,  which 
passes  through  the  cylinder  of  an  engine,  and  produces  a  given  effect,  is  the  best 
practical  measure  of  the  dynamic  efficiency  of  that  steam ;  and  that  it  is  the  most 
certain  criterion  of  the  economy  of  different  classes  of  engine  in  their  use  of  heat. 
The  habit  of  comparing  the  horse-power,  duty,  tractive  effect,  or  work  of 
an  en^ne — ^however  denominated — with  the  weight  of  fuel  consumed  in  doing 
that  work,  confounds  the  results  of  two  dissimilar  and  unconnected  operations ; 
it  has  mystified  the  subject ;  it  has  greatly  tended  to  obscure  our  knowledge  of 
the  actual  degree  of  excellence  attained  by  the  steam-engine ;  and  has  retarded 
the  extension  of  the  most  effective  system  of  applying  steam  as  a  motive  force. 
The  generation,  and  application  of  steam  are  distinct  problems  ;  they  require  to 
be  separately  treated,  and  their  results  to  be  separately  stated.  It  is  the 
economy  of  steam  which  constitutes  the  dynamic  perfection  of  an  engine;  it  is 
the  economy  of  heat  in  supplying  steam  to  an  engine,  which  constitutes  the 
evaporative  perfection  of  a  boiler  ;  and  it  is  only  by  distinguishing  the  effects 
of  each,  that  the  value  of  any  change  of  practice,  in  either  department,  can  be 
correctly  ascertained.  These  economic  properties  are  totally  independent  of 
each  other,  they  may  co-exist  in  the  same  engine  in  a  maximum  amount,  or  be 
possessed  by  it  in  very  different  degrees.  An  acquaintance  with  the  weight  of 
fuel  burnt,  with  the  weight  of  water  evaporated,  and  with  the  mechanical 
effect  realized,  enables  us  to  determine,  accurately,  the  degree  of  perfection  in 
which  these  properties  are  respectively  found,  in  particular  classes  of  engine, 
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and  in  particular  engines  of  every  class.  These  are  important  practical  pro- 
blems, to  the  solution  of  which,  the  attention  of  engineers  and  employers  of 
engines  should  be  especially  directed.  Their  solution  does  not  involve  the  ap- 
plication of  extraordinary  scientific  acquirements,  nor  does  it  require  experiments 
of  a  very  nice  or  difficult  nature,  nor  the  use  of  corrections  or  data  drawn  from 
theoretical  sources ;  any  person  endowed  with  common  powers  of  observation 
and  experimental  tact,  is  as  capable  of  discovering  the  position  of  an  engine,  in 
the  sctile  of  economy,  as  if  he  were  gifted  with  the  genius  of  a  Newton. 

So  long  as  engines  were  constnicted  chiefly  by  one  maker,  their  varieties 
few,  and  their  forms  nearly  identical,  an  evaluation  of  their  particular  economy, 
once  made,  was  a  nearly  sufficient  indication  of  the  performance  of  all ;  but  new 
forms  of  engine,  new,  or  extended  principles  of  applying  steam  have  gradually 
established  themselves  ;  and  a  correct  expression,  or  measure  of  the  performance 
resulting  from  these  several  systems,  has  become,  both  for  practical  purposes 
and  scientific  advancement,  a  matter  of  deep  and  acknowledged  interest. 

It  is,  therefore,  singular  that  a  research  into  the  exact  state  of  the  practice, 
as  regards  the  production  and  consumption  of  power,  by  the  different  varieties 
of  the  steam-engine,  should  have  been  so  little  attended  to  by  engineers. 

It  has  been  my  humble  endeavour  to  contribute  towards  the  fulfilment  of 
this  object,  by  ascertaining  the  requisite  facts  on  engines  within  my  reach,  and 
by  reducing  such  other  autlientic  experiments  as  I  could  meet  with,  to  the 
same  conunon  standards  of  comparison.  Sufficiently  accurate  experiments  (though 
not  so  numerous  as  might  be  wished)  enable  me  to  investigate  several  classes  of 
engine,  and  to  determine  their  relative  expenditure  of  power  and  heat.  They 
comprise  the  atmospheric,  the  stationary  non^ondensing  or  high^ressure,  the 
low-pressure  condensing,  and  the  Cornish  high-pressure,  expansive,  pumping 
engines.     Table  VI.  contains  the  facts  established  on  these  four  varieties. 

Locomotive  engines,  and  their  performance,  have  also  been  submitted  to 
frequent  analysis,  but,  for  reasons  which  will  fully  appear  in  the  sequel,  I  have 
deemed  it  requisite  to  classify  them  in  separate  tables  ;  it  being  first  necessary 
to  ascertain  the  degree  of  accuracy,  to  which  the  various  experiments  on  this 
ckisfi  of  engine  are  entitled,  before  admitting  the  results  obtained  from  them  to 
a  place  beside  those  which  deserve  implicit  faitli.  It  will  be  seen,  too,  that  the 
determination  of  the  expenditure  of  power,  for  given  effects,  by  other  engines, 
was  a  necessary  step,  and  -will  have  largely  contributed  towards  the  successful 
examination  of  the  power  and  performance  of  the  locomotive. 
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OF  THE  METHODS  EMPLOYED  TO  DETERMINE  THE  POWER  OF  ENGINES. 

There  are  two  methods,  va  common  use,  for  determining  the  effective  power 
of  steam-enpines ;  the  one,  by  ascertaining  the  resistance  overcome ;  the  other,  by 
employing  s<:»me  instrument,  such  as  the  indirator,  to  exhibit  the  load  upon  the 
piston  ;  tlje  velocity  of  the  latter  being  noled  at  the  same  time. 

The  first  method  is  strictly  applicable  to  pumping  engines  only,  or  to 
engines  raising  appreciable  weights ;  the  second  presents,  perhaps,  as  near  an 
approximation  to  the  tnith,  when  applied  to  rotative  engines,  as  that  class 
of  engine  is  susceptil>le  of.  It  informs  us  of  the  amount  of  force  requisite  to 
overcome  the  friction  of  the  engine,  isolated,  and  of  the  total  force  employed 
under  its  load.  It  is  customary  to  designate  the  difference  of  these  two 
amounts,  the  effectire  poteer  of  the  engine.  This  definition  is  not,  however, 
Strictly  correct,  as  the  additional  friction,  to  which  the  moving  parts  of  an 
engine  are  subjected  by  the  load,  is  thus  involved  in  the  expression,  and 
reckoned  as  a  jmrt  of  useful  effect ;  by  that  amount,  therefore,  inconsiderable 
though  it  may  be,  the  determination  of  effective  power,  by  this  method,  is  in 
excess. 

On  the  other  hand,  the  power,  deduced  from  the  duty  of  a  pumping  engine, 
falls  short  of  the  real  effective  power  of  the  steam  used.  This  engine,  when 
applied  in  the  best  manner,  does  not  act  directly  on  the  water ;  the  force  of  the 
steam  is  employed  to  lift  the  pump  rods,  the  weight  of  which,  together  vnih 
their  friction,  that  of  the  accessory  balance  beams,  or  f*obs,  &c.,  and  of  the  water 
in  the  pipes,  constitute  the  true  load  upon  the  engine  ;  the  duty,  therefore,  ascer- 
tained by  the  column  of  w^ater  displaced,  does  not  represent  the  entire  effective 
power  of  the  steam.  The  value  of  these  surplus  frictions  above  the  proper  friction 
of  the  engine,  unloaded,  should  be  added  to  the  duty,  for  the  purpose  of  bringing 
the  Cornish,  or  other  pumping  engine,  to  an  exact  comparison  with  a  rotative 
one,  the  effective  power  of  -wliich  has  been  ascertained  by  the  indicator. 

It  is  thus  evident  that  wefid  tffect  is  not  al^rays  synonymous  with,  nor  a 
true  measure  of  iffectke  jjotccr.  The  duty  is  the  true  useliil  effect  of  a  Cornish 
engine.  The  method  of  ascertaining  it  is  the  fairest  possible,  for  practical 
purposes,  and  it  will  be  apparent  that  the  errors  in  estimating  effective  power 
are  against  the  Coniish,  and  in  favour  of  the  rotative  engines.  I  have  thought 
it  advisable  to  point  out  the  mutual  bearing  of  these  errors  in  computing 
elective  power,  in  order  to  remove  all  suspicion,  that  the  Cornish  engine  may 

h2 


52 


MR.    PARKES    ON 


owe  any  portion  of  its  greatly  superior  performance  to  an  exaggerated  esti- 
mate of  the  duty  from  which  its  effective  [xtwer  is  deduced. 

The  indicator  may  be  usefully  applied  to  a  Cornish  engine,  to  ascertain  its 
absolute  power ;  but  as  that  engine  cannot  be  isolated  from  its  load,  so  as  to 
determine  the  separate  value  of  its  own  friction,  the  indications  of  the  instru- 
ment would  not  serve  to  place  the  estimation  of  its  effective  power,  on  an  equality 
with  that  obtained  by  them  from  a  rotative  engine.  The  indicator,  however, 
by  ascertaining  the  total  pressure  on  the  pistons  of  both  engines,  w^ould  inform 
us  of  the  absolute  and  relative  power  derived  from  the  expansive,  and  unex- 
pansive  systems  of  using  steam,  by  enabling  us  to  compare  the  loads  deduced 
from  the  mean  pressure  on  the  pistons,  with  the  weights  of  water  as  steam, 
which  have  respectively  passed  through  the  cylinders,  and  overcome  those  loads. 
But,  in  order  to  obtain  correct  results,  it  is  necessary  to  apply  the  instrument  to 
the  vacuum,  as  well  as  to  the  steam  side  of  the  piston  of  a  single  engine,  it 
being  well  known  that  the  amount  of  vacuum  in  the  cylinder  is  not  identical 
with  that  in  the  condenser,  nor  instantaneously  produced ;  it  being  also  well 
known  that  the  rapidity  with  which  the  vacuum  is  formed,  affects  the  power  of 
an  engine  in  no  inconsiderable  degree.  It  was  the  perception  of  the  influence 
of  these  phenomena  on  power,  and  economy,  which  led  Watt  to  invent  and  apply 
the  indicator,  as  an  accurate  means  of  ascertaining  the  variable  and  incrementary 
amounts,  both  of  pressure  and  exhaustion,  which  take  place  wWiin  the  cylinder, 
during  a  stroke  of  the  piston,  rather  than  confide  in  deductions  from  uncertain 
data  acquired  from  mthout  the  cylinder. 

There  is  a  third  method,  by  which  the  absolute  power  of  steam,  conamuni- 
cated  to  an  engine,  can  be  deduced ;  but,  as  its  value  depends  on  a  perfect 
accordance  between  the  results  of  experimental  and  practical  science, — an  accord- 
ance yet  unascertained, — and  since  many  precautions  are  requisite  to  secure  true 
results  from  this  test,  it  has  been  seldom  resorted  to  by  practical  men. 

The  volume  of  water  converted  into  steam,  being  known,  and  also  the 
volume  described  by  the  motion  of  the  piston  within  the  cylinder,  the  load  upon 
the  piston  is  deducible  from  a  knowledge  of  the  elastic  force  of  steam,  corre- 
sponding with  the  ratio  which  the  volumes  of  water  and  steam,  consumed  by  the 
engine,  bear  to  each  other.  It  being  assumed  that  the  densities,  and  consequent 
pressures  of  steam  are  correctly  assigned  to  these  relative  volumes,  it  is  neces- 
sary, for  practical  use,  to  detect  and  fix  the  amounts  of  those  portions  of  the 
steam,  which  are  ineffective  as  power.     These   quantities  vary  in  different 
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engines,  and  must  be  ascertained  for  cacb  engine.  A  portion  of  the  steam  is 
condensed  by  contact  with  surfaces  of  lower  temperature  than  itself;  another 
portion  is  useless,  from  its  filling  the  spaces  contained  between  the  piston,  the 
cover  and  bottom  of  the  cylinder,  and  steam-valves.  The  proportion  of  these 
ineffective  to  the  effective  quantities  must,  consequently,  be  deducted  from  the 
volume  of  wat^jr,  before  its  true  ratio  to  the  volume  of  effective  steam  can  be 
found ;.  and  care  must  be  taken  that  no  loss  of  water,  or  steam,  take  place,  in 
otljer  ways,  during  the  experiment. 

There  is  another  source  of  inaccuracy,  which,  if  undetected,  would  alto- 
gether vitiate  this  test;  it  frequently  exists  to  a  considemble  extent,  unsus- 
pected ;  or,  if  suspected,  its  amount  eludes  determination.  1  refer  io prming.  The 
power  of  an  engine,  whose  boilers  are  subject  to  prime,  cannot  be  investigated  with 
success  by  the  method  of  the  volume  of  steam,  as  will  hereafter  appear  in  the  exa- 
mination of  the  locomotive  engine.  No  value  can  be  attached  to  this  method,  un- 
less the  steam  be  chemically  pure ;  unless  it  be  free  from  particles  of  unvaporized 
water,  mechanically  suspended  in  it,  and  accompanying  it  into  the  cylinder.  But 
in  all  cases  where  the  steam  is  pure,  this  test  may  be  advantageously  used  (un- 
der the  foregoing  precautions)  to  compare  the  absolute  power  of  an  engine,  as  ex- 
hibited by  the  indicator,  or  by  known  resistances,  with  the  absolute  power  re- 
sulting from  the  whole  force  of  the  steam  which  has  operated  upon  the  piston  •. 


OF  THE  MEASURES  OF  EFFECT. 

The  performance  of  pumping  engines  is  commonly  defined  by  the  weight 
in  pounds  which  has  been  raised  one  foot ;  and  this  quantity,  being  divided  by 
the  number  of  fixed  measures,  or  weights  of  fuel,  which  have  been  expended 
in  raising  it,  gives  a  product  termed  the  duty;  a  phrase  which  very  sig- 
nificantly expresses  its  meaning.  The  relative  performance  of  different  engines 
is  thus  conveniently  found  by  a  comparison  of  the  duty  obtained  from  equal 
measures,  or  weights  of  fuel. 

The  performance  of  rotative  endues  is  commonly  referred  to  the  weight  in 
pounds  which  has  been  raised  one  loot,  during  a  minute  of  time ;  which  simi, 

•  It  is  very  desirable  that  a  series  of  experiments  should  be  instituted  lo  demonstrate,  if 
posatblti,  the  degree  of  accordance  which  may  subsist  between  results  obtained  by  this  process 
on  the  large  scale  of  practice,  from  the  same  engine  working  under  greatly  different  pressures^ 
and  the  determination b  of  chemical  philosopliers. 
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divided  by  33,000  pounds,  gives  the  expression  of  effect  in  terms  of  horses- 
power  ;  a  conventional  phrase,  which,  however  inconsistent  it  may  be  in  its  ap- 
plication to  many  of  the  uses  of  the  steam-engine,  and  however  vague  it  may 
be  as  a  measure  of  the  power  of  a  horse,  is,  nevertheless,  as  good  as  any  other 
expression  we  could  adopt,  for  the  purpose  of  brining  the  economy  of  various 
engines  to  a  common  standard  of  comparison. 

It  is  usual  to  compare  the  relative  performance  of  engines,  of  the  rotative 
class,  by  the  number  of  pounds  of  fuel  consumed  by  each  horse-power  in  an 
hour.  The  weight  of  ftiel  thus  ascertained,  has,  therefore,  raised  1,980,000 
pounds  one  foot  in  60  minutes,  and  it  is  the  duly  done  by  that  weight  of  fuel ; 
whence,  by  simple  proportion,  the  duty  is  obtained  in  terms  of  any  other 
weight  of  fuel. 

In  like  manner,  by  noting  the  time  in  which  the  duty  of  the  pumping  en- 
gine has  been  accomplished,  it  is  readily  reduced  to  terms  of  horses-power ;  so 
that  the  effects  derived  from  engines,  of  both  classes,  are  comparable  under  both 
denominations. 

I  have,  accordingly,  exhibited  (Table  VI.,  columns  8,  9,  10)  the  amount  of 
duty  of  each  engine  as  performed  by  1  lb.,  94  lbs.  (or  the  Cornish  bushel),  and 
112  lbs.  of  coal  respectively,  for  reasons  which  will  appear  in  the  sequel.  The 
weight  of  coal  consumed  per  horse-power  per  hour  is  also  shewn  in  column  15. 

We  have  thus  two  expressions  of  the  effect  obtained  by  equal  weights  of 
coal  from  the  engines  under  comparison ;  but  tliose  expressions  convey  no  in- 
formation as  to  the  real  expenditure  of  power  in  the  production  of  a  given  effect- 


OF  THE  EXPENDITURE  OF  POWER. 

The  ponderable  element  of  steam  is  water  ;  its  consumption  by  an  engine 
is  appreciable ;  and  it  is  now  assiuned,  almost  xmiversally,  that  the  sum  of  its 
imponderable  element,  heat,  is  a  constant  quantity,  in  steaia  of  all  specific  gra- 
vities. The  elastic  force  of  steam  is  also  generally  assumed  to  be  proportional 
to  its  density ;  thus,  equal  amounts  of  heat  and  water  are  expended  in  the 
generation  of  equal  power,  at  whatever  pressure  steam  be  used  by  an  engine. 
The  correctness  of  these  assumptions,  founded  on  the  experiments  of  many  dis- 
tinguished philosophers,  will  receive  additional  confirmation  from  some  experi- 
ments of  my  own,  purely  practical,  to  be  related  hereafter  *.     Admitting,  then, 

*  Vide  page  70. 
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these  properties  of  steam  to  be  inseparable  from  its  composition,  the  expendi- 
ture of  both  power  and  heat,  is  trul}'  measured  in  all  engines,  by  the  weight  of 
water  consumed,  as  steam ;  and  the  effects  produced,  being  known,  and  re- 
duced to  a  common  denomination,  the  weights  of  water  so  consumed  indicate 
the  positive,  and  relative  efficiency  of  the  steam  in  different  engines. 

Admitting,  however,  the  supposition  that  the  elementary  constituents  of 
steam  may  not  yet  he  absolutely  defined,  vAxh.  equal  accuracy,  throughout  the 
whole  range  of  its  scale ;  and  that  the  proportions  of  heat  to  water,  at  different 
pressures,  may  undergo  changes  not  yet  correctly  ascertained,  the  weight  of 
water  as  steam,  expended  in  the  production  of  a  given  effect,  remains  unim- 
paired in  its  value  as  a  test  of  dynamic  efficiency.  It  becomes,  indeed,  for  these 
very  reasons,  the  more  valuable  for  practical  uses,  than  a  test  derived  from  the 
consumption  of  any  given  measure  of  steam. 

By  knowing  the  evaporation  from  the  boilers,  and,  consequently,  the  weight 
of  water  as  steam  which  passes  through  an  engine,  we  grasp  the  principal  fact 
of  practical  consequence  to  the  engineer ;  a  fact  which  is  free  from  all  uncer- 
tainty in  its  nature ;  which  involves  no  dispute  as  to  its  qualities  or  character- 
istics ;  which  is,  in  no  respect,  nuxed  up  with  the  chemistry  of  steam ;  which 
is  independent  of  all  theory,  and  requires  no  correction  to  determine  its  value. 
So  long,  too,  as  the  steam  is  taken  immediately  from  above  the  surface  of  the 
water  in  the  boiler ;  and  so  long  as  it  enters  the  cylinder  of  an  engine  un- 
changed, it  is  in  that  state  which  every  one  understands  by  the  term  steam,  in 
its  common  acceptation  ;  and  the  weight  of  water,  which  has  passed  from  the 
boiler  in  that  state,  and  produced  a  certain  effect,  appeals  conclusively  to  the 
understanding  as  indicative,  in  a  comparison  of  engines,  of  their  respective  eco- 
nomy in  the  expenditure  of  power. 

I  have,  accordingly,  computed  the  weight  of  water  as  steam  equivalent  to 
the  production  of  a  horse-power  in  each  engine,  and,  also,  the  duty  effected  by 
one  pound  of  steam.  These  sums  (columns  1 1  and  16)  denote  the  positive  and 
relative  tffivt'finci/  of  the  steavi  in  the  different  engines;  and,  in  like  manner,  the 
positive  and  relative  efficienaj  of  the  fuel  is  exhibited  (columns  10  and  15). 

Under  the  head  Comparafire  Ecmimiical  Hesulfs  (columns  21  and  22),  I 
have  reduced  these  respective  indices  of  efficiency  to  terms  of  the  ratios  which 
each  of  them  bears  to  the  results  obtained  on  Watt's  engine  at  the  Albion  Mills, 
which  latter  I  have  assumed  as  unity.     The  table  therefore  exhibits, 
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Columns. 

1.  The  precise  value  of  each  engine  in  its  use  of  steam        .     ,  11  and  16 

2.  The  precise  value  of  each  engine  in  its  use  of  CQal      ...  10  and  15 

3.  The  precise  value  of  the  boiling  apparatus  attached  to  each 

engine,  as  a  generator  of  steam 17 

4.  The   comparative  efficiency  of  the  steam^  or  economy  of 

power,  in  each  engine 21 

5.  The  com|)arative  efficiency  of  the  fuel,  or  economy  of  the 

combustible*  in  each  engine 22 


OF  THE  PROPORTION  OF  BOILERS  TO  ENGINES. 

Having  thus  arrived  at  an  exact  knowledge  of  the  weight  of  water  as 
steam,  consumed  by  each  engine  in  the  production  of  equal  effects ;  or,  in  other 
words,  of  the  jwwer  resulting  from  the  expenditure  of  equal  weights  of  water 
as  steam,  I  am  able  to  connect  the  boilers  with  the  engines,  and  to  shew  the 
relative  extents  of  heated  surface  which  have  been  employed  to  furnish  theur 
power ;  and  it  will  presently  be  seen  how  insufficient  equal  measures  of 
surface  would  bo,  to  supply  equal  power,  with  equal  economy,  to  different 
classes  of  engine. 

The  effective  horse-power  of  each  engine,  at  the  time  of  the  experiment,  is 
shewn  in  column  12 ;  and  the  heated  surface  of  boiler,  per  horse-power,  in  co- 
lumn 1 8,  obtained  from  the  total  area  belonging  to  the  same  engines,  given  in 
the  table  of  boilers  (column  12,  page  45).  It  would  appear,  by  this  com- 
parison, that  the  Cornish  engineers  employ  about  three  times  more  surface  than 
Watt  did,  reckoned  on  the  horse-power  of  engine;  but,  column  21  informs  us 
that  the  horse-power  is  produced  in  a  Cornish  engine,  (taking  the  mean  of  ex- 
periments VI.  and  VII.,)  by  somewhat  less  than  two-fifths  of  the  steam  con- 
sumed at  the  Albion  Mills:  thus,  the  Cornish  engine,  for  equal  nominal  power, 
has  nearly  eight  times  as  large  a  boiler  surface  as  that  allowed  by  Watt's  prac- 
tice. But  tliis  measure  exhibits  no  true  comparison  of  the  proportion  of  genera- 
tive area  to  the  power  expended  by  different  engines ;  for,  the  functions  of  the 
fomiei*  are  irrespective  of  the  engine,  and  have  reference  only  to  the  fuel  burnt, 
and  to  the  water  evaporated.  By  column  15  it  is  seen  that  the  Cornish  engine 
(using  the  mean  before  stated)  consumed  only  2^  pounds,  whilst  Watt's  engine 
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^nsumed  8^  pounds  of  coal,  per  horse-power  per  hour.  Dividing  the  heated 
areas  of  the  boilers  by  these  respective  amounts,  a  product  is  obtained  which 
shews  the  positive  and  relative  extents  of  surface  for  each  pound  of  coal  burnt 
to  supply  the  two  engines,  with  equal  power,  in  equal  times.  These  results  are 
set  down  in  column  19,  and  the  true  relation  of  the  boilers  is  found  to  be  as  19 
to  1,  instead  of  3  to  1. 

Column  20  contains  the  heated  area  of  the  boilers,  proportionate  to  the 
weights  of  water  as  steam,  which  have  produced  equal  power,  in  equal  times,  in 
the  two  engines,  which  gives  a  ratio  of  nearly  15  to  1  to  the  Cornish,  in  excess 
over  Watt's  practice,  instead  of  8  to  1. 

It  will  now  be  apparent  why  I  could  not  assign  the  relation  which  subsists 
between  t!ie  boiling  apparatus  of  any  particular  engine  as  regards  surface,  and 
the  power  of  tliat  engine,  until  its  consumption  of  steam  and  fuel  were  ascer- 
tained. It  will  also  be  seen  that,  if  the  Cornish  engineers  hud  followed  a  rule 
of  boiler-surface,  based  on  the  mere  nominal  horse-power  of  en^ne,  instead  of 
wisely  continuing  to  augment  the  proportion  of  boiler,  whilst  they  were  gradually 
reducing  the  expenditure  of  steam  as  power,  they  would  have  lost  3-IOths  of 
the  superior  economy  of  their  system. 

These  last  measures,  contained  in  columns  19  and  90,  are,  however,  no  fixed 
rules  as  regards  the  Cornish  practice ;  they  apply  only  to  the  particular  instance 
cited ;  for,  the  proportionate  boiler-surface  necessarily  varies  with  the  degree  of 
economy  of  steam  and  fuel.  Experiments  VIII.  and  IX.,  on  two  other  Cornish 
engines,  exhibit  a  large  diminution  in  the  consimiption  of  fuel,  and  water  as 
steam,  for  equal  power,  compared  with  experiments  VI.  and  VII. ;  and,  though 
I  have  not  the  particulars  of  the  boilers,  we  may  be  well  assured  that  their 
evaporation  was  fully  equal  to  that  from  the  others  • ;  and,  consequently,  that 
their  heated  areas  were  in  the  same  proportion.  Assuming  this  to  be  the  case, 
the  surfaces  of  the  latter,  reduced  to  the  terms  of  columns  1 9  and  20,  would 
be  larger  ;  and,  for  experiment  X.,  we  should  find  them  increased  from  the  ratios 
of  19  and  15,  as  in  experiments  VI.  and  VIL,  to  27  and  21  to  1,  in  excess  over 
Watt's.  The  performance  of  the  expansive  pumping  engine  is  subject  to  fluc- 
tuations ;  and  the  measure  of  boilers,  taken  as  above,  necessarily  changes  with  the 
power  consumed ;  the  one  being  a  constant,  and  the  other  a  variable  quantity. 

Well  made  rotative  unexpansive  engines,  whether  of  the  condensing  or  non- 
condensing  kind,  can  vary  but  httle  in  their  respective  consumption  of  steam, 

•  Vide  page  63, 
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for  a  given  power,  at  different  periods  ;  but  their  boilers,  to  produce  steam  with 
equal  economy,  must  necessarily  be  proportioned  to  the  weights  of  water,  which 
have  to  be  vaporized,  in  order  to  create  the  power.  Thus,  a  high-pressxire 
non-condensing  engine  would  require  ^ths  more  generative  area  than  the  con- 
densing engine,  to  be  upon  a  par  with  it  in  calorific  economy,  as  the  former  con- 
simies  fths  more  steam  than  the  latter,  for  equal  eficcts. 

All  engines  may  be  furnished  with  boilers  possessing  equal  evaporative  eco- 
nomy, that  being  a  result  derived  from  the  amount  of  surface,  and  other  quali- 
ties previously  explained ;  and  the  best  rule,  if  it  be  necessary  to  prescribe  one 
so  obvious,  is  to  adopt  that  measure  of  surface  which  has  afforded  the  greatest 
evaporative  effect  from  a  given  weight  of  fuel.  The  weight  of  water  as 
steam,  consumed  per  horse-power  per  hour,  being  8he\vn  in  column  1 6,  the  total 
vaporization  required  in  an  hour,  by  any  good  engine  of  the  classes  examined,  is 
obviously  obtained  by  multiplying  that  weight  by  the  number  of  horses-power 
of  the  engine  in  question ;  and  the  total  generative  area  recjuisite  for  realizing 
the  maximmn  effect  hitherto  obtained  from  coal,  will  be  to  employ  as  many 
superficial  feet  of  heated  surface,  as  pounds  of  water  used  per  hour.  This  is  the 
Cornish  measure,  as  will  appear  by  consulting  the  table  of  boilers,  and  is  re- 
ferable, strictly  speaking,  to  the  Cornish  form,  strength,  and  setting  of  boilers, 
rate  of  combustion  of  fuel,  &c. 


OBSERVATIONS  ON  THE  EXPERIMENTS,  AND  THEIR  RESULTS. 

The  first  experiment  in  the  table  is  by  Smeaton,  on  his  improved  New- 
comen  engine. 

This  experiment  is  particularly  interesting,  as  a  record  of  the  consumption 
of  power,  by  a  good  specimen  of  the  earliest  steam-engine,  which  can  be  con- 
sidered as  having  exerted  any  important  influence  on  the  economy  of  the  arts. 
It  was  also  the  great  predecessor  and  type  of  Watt's  engine  ;  whose  improve- 
ments upon  it  consisted  chiefly  of  additions  affecting  its  economical  use  of  steam, 
retaining  the  great  principle  of  condensation,  together  with  the  mechanical  struc- 
ture, viz.  cylinder,  piston,  beam,  and  self-acting  valves  ;  apparatus  which  con- 
tinue in  use  at  the  present  day,  with  the  advantage  only  of  superior  workman- 
ship, and  of  more  perfect  mechanical  contrivances. 

Newcomen's  engine  must  ever  be  regarded  by  en^neers  with  a  species  of 
veneration,  as  the  great  forefather,  and  founder  of  the  whole  race  of  steam- 
engines.     The  numerous,  beautiful^  and  highly  scientific  combinations  to  which 
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the  steam-engine  owes  its  modern  perfection,  have  always  appeared  to  me  to  bo 
entitled  but  to  secondary  claims  in  the  award  of  merit,  compared  with  tliat  due 
to  Newcomen  and  his  compeers,  who,  in  reality,  created  it.  Prolific  as  the  genius 
of  Walt  must  be  regarded;  immeasurably  important  to  mankind  as  were  the 
consequences  of  his  discoveries ;  we  must  not  overlook  the  fact  that  the  steam- 
engine  was  already  invented ;  that  it  was  aheady  a  mighty  uistrument  of  me- 
chanical  force  ;  and,  ihougli  Watt  greatly  reduced  its  expenditure  of  power  by 
one  contrivance,  and,  by  another,  made  it  applicable  to  rotative  purposes — there- 
by enlarging  the  bounds  of  its  usefulness  beyond  calculation — we  must  bear  in 
mind  that  the  great  problem  was  already  solved ;  and  that,  strictly  speaking. 
Watt's  improvements  were  only  corollaries,  requiring,  doubtless,  more  than 
ordinary  talent  to  apply  them,  yet  they  were  improvements,  not  creations. 

Following,  in  these  remarks,  the  order  of  invention,  rather  than  the  order  of 
the  experiments  in  the  table,  it  appears  that  the  economy  of  Watt*s  rotative 
(xmdensing  engine,  at  the  Albion  Mills,  (Experiment  V.,)  with  reference  to  its 
consumption  both  of  steam  and  fuel,  was  double  that  of  Smeaton's  Newcomen. 
The  performance  of  that  rotative  engine,  measured  by  the  duty,  corresponds, 
also,  so  nearly  with  the  best  work  done  by  W^atl's  pumping  engines  in  Corn- 
wall*, that  the  comi)arison  holds  good  for  both  kinds. 

No  improvement  in  the  science  of  the  unexpansivo  condensing  engine  has 
taken  place  since  Watt's  day ;  and  there  are,  probably,  very  few  engines  of, 
this  class,  which  perform  their  work  with  so  small  a  waste  of  steam,  or  fuel,  as 
the  one  experimented  upon  at  the  Albion  Mills,  which  approached  very  nearly  to 
perfection  in  the  use  of  power,  obtainable  from  that  principle. 

The  next  great  advance,  in  the  economy  of  power  and  fuel,  had  its  origin 
in  Cornwall;  the  merit  of  it  is  wholly  due  to  the  Cornish  engmeers;  to  whom 
belongs,  also,  the  merit,  not  only  of  having  carried  the  system  adopted  by  them 
for  pumping  engines,  to  a  degree  of  perfection  which  eclipses  the  performance  of 
every  other  description  of  engine,  but  of  applying  it  to  rotative  purposes,  with 
effects  far  exceeding  those  of  the  common  condensing  engine.  The  rise  and 
progress  of  this  vast  improvement  is  so  well  traced  by  Messrs.  Lean,  in  the 
useful  and  highly  instructive  compendium  already  referred  to,  that  all  observa- 
ticois  from  me  would  be  a  work  of  supererogation. 

Experiments  VI.  and  VII.  exliibit,  I  beUeve  for  the  first  time,  the  precise 

•  Lean's  Historical  Statement  of  the  Duty  of  Steam  Engines  in  Corawall,  page  8  ;   cotnpiled 
for  the  British  Association  for  the  Advancemeni  of  Science,  1830. 
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amount  of  the  superiority  of  this  engine  over  others,  and  it  is  seen  that»  when 
doing  an  80  million  duty,  it  excels  Watt's  by  2j,  and  Newcomen's  engine  5 
times,  in  economy  of  power ;  and,  that  it  excels  them  3 J  and  7  times  re- 
spectively, in  economy  of  fuel.  It  is  also  seen  that  a  Cornish  engine  (Experi- 
ment IX.)  has  exceeded  the  same  engines  4J  and  9  times  respectively,  in  eco- 
nomy of  power;  and  5f  and  llf  times  respectively,  in  economy  of  fuel. 

Such  has  been  the  progress  of  invention,  estimated  by  economy  in  the  ex- 
penditure of  power,  between  the  years  1772  and  1835. 

It  is  not  my  intention,  were  it  even  in  my  power,  to  enter  here  into  any 
analysis  of  the  causes  of  the  greatly  superior  effect  derived  from  steam, 
when  used  on  the  Cornish  system.  My  principal  object  has  been  to  arrive  at 
practical  determinations  of  the  consumption  of  power,  considered  apart  from  the 
consumption  of  fuel,  by  each  engine.  The  doubts  entertained  by  many  persons 
of  the  accuracy  of  the  Cornish  statements  of  duty,  and,  consequently,  of  the 
effects  derived  from  the  use  of  expansive  steam,  are  chiefly  attributable  to  the 
Cornish  method  of  rating  the  duty  by  the  fuel,  rather  than  by  the  power  really 
expended.  By  separating  these  results,  I  hope  that  I  shall  have  removed  one 
great  cause  of  distrust,  which  has  certainly  operated  to  retard  the  extension  of  the 
expansive  system  of  using  steam  to  several  other  classes  of  engine,  to  which  it  is 
well  suited  ;  and  that  I  shall  have  cleared  away  obstacles  to  our  arriving,  at 
some  not  distant  period,  at  a  successful  discrimination  of  the  inherent  value  of 
the  expansive  action  of  steam,  and  of  its  value  when  combined  with  the  me- 
chanical action,  and  peculiar  work  of  a  steam-en^e.  These  are  problems,  of  a 
nature  distinct  from  the  practical  facts  now  sought,  and  require  very  nice  expe- 
riments for  their  solution.  It  has  been  customary,  on  the  one  hand,  to  assign  the 
superiority  of  the  Cornish  engines  solely  to  the  use  of  steam  of  high  elastic  force 
greatly  expanded ;  and,  on  the  other  hand,  to  dispute  the  value  of  expansion. 
Too  much,  perhaps,  has  been  claimed  for  that  principle,  and  too  little  granted, 
by  the  controversialists.  It  is  now  shewn  (column  21)  in  what  ratio  over 
other  engines,  the  efficiency  of  steam  is  increased,  by  the  Cornish  system  of  em- 
ploying it,  separate  from  all  consideration  of  the  greater  or  less  work  done  by 
the  coal,  whether  arising  from  peculiarities  in  the  structure  of  the  boilers,  from 
the  calorific  strength  of  the  coal,  or  other  causes.  We  are  not,  however,  justi- 
fied in  concluding  that  the  great  dynamic  advantage,  still  resulting,  is  due  to 
the  single  circumstance  of  that  engine  being  worked  by  higlily  elastic  steam, 
greatly  expanded  ;  other  causes  may  contribute  to  produce  the  effect. 
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It  is  necessary,  also,  to  guard  against  conclusions  which  might  be  deduced, 
from  a  comparison  of  the  effects  of  the  Cornish  engines  in  the  table,  with  the 
pressures  on  the  piston  and  degrees  of  expansion,  set  down  in  columns  5  and  6. 
The  pressures  given  were  not  ascertained  by  any  instrument,  (excepting  at  Huel 
Towan,)  and  must  be  considered  only  as  estimations,  not  as  facts.  The  pres- 
sure upon  the  piston  during  the  interval  which  occurs  between  the  first  ad- 
mission of  steam  into  the  cylinder,  and  the  instant  of  shutting  it  oflf,  may  be 
very  variable ;  that  it  was  so,  in  several  engines  to  which  Mr.  Henwood  ap- 
plied the  indicator,  is  evident  from  the  diagrams  he  has  given,  annexed  to  his 
paper.  (Trans.  Inst.  C.  E.  Vol.  II.)  At  the  Huel  Towan  engine,  when  the  steam 
in  the  boilers  was  at  a  pressure  of  47.1  lbs.  above  the  atmosphere,  it  varied  from 
1S.3  lbs.  to  7.3  lbs.  per  square  inch  on  the  piston,  during  its  admission  into  the 
cylinder ;  which  latter  was  its  elastic  force,  at  the  instant  of  closing  the  steam- 
valve  *.  I  adduce  these  facts,  with  the  view  of  shewing  the  impossibility  of 
determining  the  precise  amoimt  of  pressure  on  the  piston,  from  the  degree  of 
wiredrawing  the  steam  ;  and  as  a  caution  against  expectations  of  deducing  any 
valid  theory  of  the  action  of  the  steam,  in  these  Cornish  engines,  from  the  par- 
ticulars of  pressure  and  expansion,  contained  in  the  Table,  which  are  only  ap- 
proximations to  the  truth. 

A  few  observations  are  necessary,  with  reference  to  the  correctness  of  the 
weights  of  water  as  steam,  assigned  as  the  consumption  of  the  Cornish  engines. 
The  Huel  Towan  engine  was  experimented  upon  by  Mr.  Henwood,  with  all  due 
care,  during  24  hours ;  the  results  of  the  United  Mines  experiments  are  drawn 
from  a  registration  of  water,  fuel,  and  duty,  during  eight  months  of  continuous 
work.  In  my  paper  on  evaporation,  (Trans.  Inst.  C.  E.  Vol.  II.  p.  175,)  I  no- 
ticed the  very  considerable  differences  in  the  monthly  returns  of  water  vaporized 
at  the  latter  engine ;  which,  however,  I  considered  to  be  accounted  for,  by  the 
statement  given  in  the  note  to  that  page.  The  subsequent  investigaticm  of  the 
boilers  of  these  two  engines,  the  near  correspondence  between  their  extents  of 
surface  exposed  to  heat,  their  near  equality  in  the  rate  of  combustion,  &c.,  as 
shewn  in  the  Table  of  boilers,  justify  the  assumption,  that  the  United  Mines  ex- 
periment is  worthy  of  belief.  As  such  I  have  introduced  it,  being  in  close  agree- 
ment with  Mr.  Kenwood's  results ;  and  I  can  see  no  more  reason  for  doubting  the 
one  than  the  other.  Mr.  Hosking,  the  resident  engineer  at  the  United  Mines, 
oblij^ngly  remeasured  the  boilers,  and  supphed  me  with  all  the  particulars  re- 
lative to  them  and  to  the  engine,  which  I  required  to  complete  the  Tables. 

*  These  facts  were  communicated  to  roe  by  Mr.  Henwood, 
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I  have  applied  the  mean  of  evaporation  obtained  by  a  pound  of  coal  froni 
the  boilers  of  the  above  named  engines,  as  data  for  the  determination  of  the 
consumption  of  water  as  steam,  in  two  others ;  viz.,  the  one  at  Holmbush, 
(Experiment  VIIL),  whose  performance  and  fuel  were  so  accurately  ascertained 
by  Mr,  Wicksteed  ;  and  of  the  Fowey  Consols  engine,  (Experiment  IX.,)  which 
formed  the  subject  of  the  celebrated  trial  in  1835. 

Knowing,  as  we  now  do,  the  product  of  steam  from  a  given  surface  of  the 
Cornish  boilers ;  knowing  also,  tliat  the  Cornish  engineers  habitually  allow  that, 
or  a  nearly  corresponding,  extent  of  surface,  for  the  production  of  siniilar  effects; 
we  are  as  much  justified  in  assuming  a  similar  performance  to  result,  in  all 
cases,  as  we  know  would  take  place,  if  an  engine  of  the  same  dimensions  as 
Watt's,  at  the  Albion  Mills,  with  equal  power  of  boilers,  were  experimented 
upon. 

Of  the  amount  of  duty  at  Holmbush,  there  cannot  exist  a  doubt;  the  water 
raised  was  weighed,  and  measured.  Mr.  Wicksteed's  experiment  thereby  esta- 
blishes the  general  accuracy  of  the  Cornish  statements  of  the  duty  done  by 
their  engines ;  and,  as  the  duty  of  the  Fowey  Consols  was  the  subject  of  a 
most  patient  and  careful  trial,  during  24^  hours,  by  a  committee  of  perfectly 
competent  persons,  I  regard  it — though  exceeding  in  amount  all  previous  and 
subsequent  trials — as  authentic  as  any  other  on  record. 

As  the  evaporation  was  not  ascertained  at  either  of  those  engines,  a  ques- 
tion might  be  started,  whether  their  additional  duty,  compared  with  the 
United  Mines  and  Huel  To  wan  engines,  may  not  have  arisen  from  a  superior 
evaporation  per  unit  of  coal,  rather  than  from  a  superior  dynamic  effect,  ob- 
tained from  the  steam  generated.  In  the  case  of  the  Fowey  Consols,  I  have 
satisfied  myself,  by  enquiries  of  Mr.  West,  the  maker  of  tho  engine,  that  the  tn- 
craased  performance  was  duo  to  the  better  use  of  the  steam  in  the  engine,  not 
to  any  greater  evai^ralive  product  from  those  particular  boilers.  Mr.  West 
states  that  during  the  trial  in  1835,  the  evaporation  was  100  gallons  from  the 
temperature  of  the  hot-well,  by  the  Ijushel  of  94  lbs.,  that  is  10.C3  lbs.  of  water 
vaporized  by  1  lb.  of  coal.  In  reply  to  a  second,  and  more  recent  enquiry,  Mr. 
West  writes,  as  follows : 

"  I  have  made  another  trial,  for  the  purpose  of  ascertaining  the  quantity  of 
water  evaporated,  by  the  consumption  of  a  bushel  of  coals,  (94  lbs.,)  and  find 
it  come  very  near  my  former  experiment.  The  trial  was  as  follows.  The  (eed 
plimger-pole  and  its  stroke  were  accurately  measured  ;  the  number  of  strokes 
made  in  34  hours  amounted  to  1920  ;  the  diameter  of  the  pole  is  6  inches ;  the 
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stroke  2  feet  6  inches,  l}emg  equal  to  a  little  more  than  3  gallons  per  stroke,  or 
5873  gallons  in  the  24  hours,  in  which  time  60  bushels  of  coals  were  con- 
sumed, making  98  gallons  to  a  bushel.  The  temperature  of  the  water  in  the 
hot-well  was  85*,  and  on  entering  the  boilers  from  the  warming  tube,  about 
180%  The  piunp  and  boilers,  at  the  time  I  made  the  experiment,  were  in  good 
order.  The  full  length  of  the  stroke  of  the  feed-pump  is  2  feet  7  inches,  from 
which  I  have  deducted  one  inch,  to  allow  for  waste,  &c. 

"  When  our  engine  at  Fowey  Consols  was  on  trial,  the  steam,  on  entering 
the  cylinder  was  about  27  lbs.  pressure  on  each  square  inch,  and  cut  off  at 
i  sUoke." 

This  second  experiment  gives  10.41  lbs.  as  the  evaporation  by  1  lb.  of  coals ; 
and  the  mean  of  the  two  is  1 0.52  lbs.  The  mean  of  the  two  experiments  at  the 
Huel  Towan  and  United  Mines,  is  10.51  lbs.  The  evaporative  results  are, 
therefore,  identical  *,  and  the  difference  between  the  duty  of  the  engines,  is 
attributable,  only,  to  the  difference  in  their  respective  expenditure  of  power,  to 
produce  equal  effect ;  or,  in  other  words,  to  their  respective  dynamic  efficiency. 

Experiment  IV„  made  by  myself  at  Warwick,  on  my  own  engine  of  Boul- 
ton  and  Watt's  construction,  is  the  result  of  observations  continued  for  several 
months,  and  is  strongly  corroborative  of  the  results  obtained  at  the  Albion 
Mills. 

In  the  conditions  of  the  two  experiments,  there  are,  however,  some  points 
of  importance  to  notice.  It  is  requisite  to  distinguish  between  the  natiu-e  of 
the  loads  on  the  two  engines ;  the  Albion  Mills  engine,  grinding  com  ;  the 
Warwick  engine,  driving  worsted  spinning  machinery.  The  load  of  the  first 
was,  consequently,  by  far  the  most  uniform  of  the  two.  My  experiment  in- 
cludes the  waste,  and  loss  of  steam,  attendant  on  occasional  short  stoppages  ; 
to  which  all  manufactories  are  liable.  The  engine  was  fully  loaded,  but,  like 
all  manufacturing  engines,  its  load  was  subject  to  continual,  almost  to  mo- 
mentary, fluctuations.  It  Imd,  generally,  to  be  started,  with  such  a  load  upon 
it»  three  times  a  day,  as  to  require  idowifig  ihroutfh  each  time — an  operation 
which  swallows  much  steam — but  no  estimate  of  that  useless  consumption 
could  be  formed. 

The  fuel,  at  the  Albion  Mills,  was  that  expended,  simply,  in  supplying  10 
hours  steam  to  the  engine.  The  fuel,  at  Warwick,  worked  the  engine  during 
114  hours  each  day,  and  includes  the  loss  to  maintain  the  boilers  hot,  during 

•  TT>c  correspondence  is  the  more  satisfactory,  aa  the  experiraents  were  made  at  different  en- 
gines, at  diii'ercnt  periods,  by  different  persons,  and  by  different  methods. 
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12^  idle  hours,  out  of  tlie  24  hours  ;  but,  as  no  steam  was  ever  permitted  to 
blow  away  through  the  safety  valves,  the  consumption  of  water  as  steam, 
which  did  the  work,  is  absolutely  correct. 

At  the  period  of  my  entering  on  these  experiments,  I  was  unacquainted 
with  the  indicator ;  but  that  instrument  was»  in  the  course  of  them,  applied  to 
the  engine  by  Mr.  Creighton,  of  Soho ;  and  its  load,  with  all  the  machinery  at 
work,  was  determined  by  him  to  be  26  horses  power.  The  mean  load  was, 
probably,  somewhat  less  than  this,  but  it  is  impossible  to  say  by  how  much ; 
nor  can  a  nearer  approach  to  accuracy  be  obtained  from  any  engine,  working 
under  similar  circumstances.  It  is  a  specimen  of  the  practical  expenditure  of 
power  and  fuel,  in  a  manufacturing  engine ;  the  nature  of  which  does  not, 
however,  admit  of  sufficiently  exact  results  to  justify  theoretical  deductions. 
The  pressure  of  steam  on  the  piston,  sometimes  exceeded,  and  sometimes  fell 
short  of  the  pressure  of  the  atmosphere ;  and  I  have  called  it  equal  in  co- 
lumn 6.  Deducting  t^th  for  the  loss  of  steam  at  each  stroke,  arising  from  the 
steam  passages,  jacket,  and  other  waste,  the  ratio  of  the  volume  of  steam  con- 
sumed, to  that  of  the  water  which  produced  it,  comes  out  as  1720  to  1 ;  shew- 
ing the  force  of  steam  upon  the  piston  to  have  about  balanced  the  atmosphere. 

The  daily  and  hourly  registration  of  the  water  as  steam  which  passed 
through  the  cylinder,  gave  me  an  insight  into  the  exact  state  of  the  engme, 
and  its  load,  at  all  times.  The  practical  value  of  this  knowledge  can  scarcely  be 
overrated.  The  engine  was  an  old  one  ;  the  piston  packed  with  hemp ;  the  cy- 
linder a  good  deal  worn  ;  but  we  were  warned  of  any  increase  in  the  expenditure 
of  steam,  by  the  hourly  consumption  of  water  ;  so  that  a  defect  was  searched  for, 
and  a  remedy  applied  with  the  least  possible  loss  of  steam.  Though  the  mean 
consumption  was  70  lbs.  of  water  per  horse  power,  per  hour,  I  have  known 
80  lbs.  consumed  when  the  packing  was  worn,  or  the  vacuum  less  perfect  than 
usual )  and  I  was  never  able  to  reduce  the  consumption  of  water  lower  than 
G5  lbs.  per  horse,  per  hour,  for  many  hours  successively. 

I  once  made  an  experiment  to  ascertain,  during  a  whole  day,  the  consump- 
tion of  steam  by  the  engine,  working  idle — and,  afterwards,  with  the  whole 
machinery,  working  idle,  i.  e.  unclothed  with  wool — with  the  view  of  arriving 
at  a  knowledge  of  the  real  power  consumed  by  the  processes  of  the  manu- 
factory ;  but,  unfortunately,  I  either  did  not  note  down  the  results,  or  have  lost 
ihem.  Such  experiments  would  be  very  valuable  tn  manufacturers ;  for,  though 
the  indicator  informs  us  of  the  pressure  on  the  piston,  it  does  not  disclose  the 
expenditure  of  power ;  the  registration  of  the  water,  alone,  unfolds  this  know- 
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ledge.  It  checks,  and  tests  the  industry  and  skill  of  the  attendant  engineer ;  it 
informs  him  of  the  state  of  his  boilers,  of  his  engine,  or  of  that  of  its  load,  which, 
from  carelessness,  is  often  greatly  increased  for  want  of  oil,  &cc. ;  and  it  instructs 
the  master  as  to  the  numerous  causes  of  waste,  and  the  expensive  consequences 
of  negligence. 

In  comparing  the  results  of  this  engine  with  those  of  the  Albion  Mills,  it 
would  appear,  from  the  duty  tested  by  the  fuel,  that  the  former  had  the  advan- 
tage ;  whence,  it  would  be  concluded,  that  the  Warwick  was  the  better  engine 
of  the  two,  but  when  brought  to  the  true  test  of  the  efficiency  of  the  steam  in 
each,  it  is  seen  that  the  Albion  Mills  engine  had  a  slight  preponderance  in  its 
fevour.  The  evaporative  superiority  was  obtained  in  the  Warwick,  through 
the  careful  nursing  and  system  of  management  explained  in  my  paper  on  Eva- 
poration, and  at  pp.  12  and  13  on  the  Boilers. 

Experiments  II.  and  III.,  on  two  high-pressure  non-condensing  engines, 
were,  also,  made  by  myself.  I  attached  great  importance  to  both  these  expe- 
riments, and  conducted  them  with  all  the  care  of  which  I  was  capable,  being 
unacquainted  with  any  practical  determinations,  by  engineers,  of  the  consump- 
tion of  steam  by  this  class  of  engine. 

Experiment  II.  The  engine  drove  a  silk  mill,  and  being  employed  by  its 
owner  to  reset  the  boilers,  I  determined,  at  the  same  time  that  I  ascertained  the 
amoimt  of  evaporation,  previous  to  altering  the  boilers,  to  ascertain,  also,  the 
load  on  the  engine.  I  used  the  indicator,  and  continued  the  experiments 
during  three  successive  days ;  the  mean  of  these  is  set  down  in  the  Table. 
The  water  was  injected  into  the  boilers  from  a  measured  vessel ; — the  valves, 
and  piston  were  perfectly  tight,  but  the  cylinder  was  not  jacketed ;  and  as  the 
valves  were  only  single,  (set  half  way  between  the  top  and  bottom  of  the  cy- 
linder,) I  attribute  the  excess  in  the  consumption  of  water  as  steam  by  this 
engine  over  the  next  related  experiment,  to  the  greater  quantity  of  ineffective 
steam  wasted  in  the  passages,  and  to  condensation  in  the  cylinder,  for  want  of 
a  jacket. 

Experiment  III.  This  engine  drove  bark  mills,  and  other  machines.  I 
was  engaged  to  arbitrate  a  dispute  between  the  maker,  and  owner  of  the  en- 
gine, respecting  its  power.  I  found  the  engine  perfectly  well  made ;  the  cy- 
linder jacketed,  and  clothed  outside ;  the  valves  double,  with  no  extraneous 
spaces ;  the  piston  had  metallic  packings  ;  but  the  boilers  were  insufficient  in 
surface,  and  ill  set.     Evaporative  economy  was,  consequently,  low.     I  had  no 
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indicator,  and  used  the  mercurial  column,  with  a  stop  cock,  to  determine  the 
pressure  on  the  piston.  The  Table  ^ives  the  mean  of  numerous  trials,  which 
varied  but  little  from  each  other.  There  was,  originally,  a  loss  of  power  in 
this  engine,  arising  from  too  contracted  eduction  pipes ;  these  were  enlarged,  so 
as  to  relieve  the  piston  from  any  counter  resistance  beyond  that  of  the  atmo- 
sphere ;  and  the  results  stated,  were  obtained  after  this  alteration. 

In  both  experiments,  I  ascertained  that  the  boilers  did  not  prime,  (of  which 
I  had  some  suspicion  from  their  small  dimensions,)  by  testing  the  evaporation, 
with  the  man-hole  covers  removed,  which  corresponded  very  nearly  with  the 
product  from  equal  weights  of  coal,  burnt  at  the  same  rate  as  when  the  engines 
were  at  work. 

The  comparison  of  the  duty  done  by  I  lb.  of  coal,  and  1  lb.  of  water,  as 
steam,  (columns  10  and  11,)  shews  that  the  respective  efficiency  of  these  two 
engines,  would  be  incorrectly  estimated  by  the  fuel  consumed.  The  expendi- 
ture of  power,  for  equal  effects,  by  each,  is  seen  truly  in  columns  11  and  16. 
The  near  coincidence  between  the  results  of  these  two  trials  is  satisfactory; 
and,  I  think,  conclusive  as  to  the  expenditure  of  power  by  this  class  of  engine, 
though  it  is  somewhat  less  in  amoimt  than  I  have  commonly  heard  assigned  to 
it.  I  am  acquainted  with  a  mine  engine,  which  was  worked  either  on  the 
condensing,  or  non-condensing  principle,  according  to  the  supply  of  water  ;  and 
the  coal  accounts  shewed  that,  in  the  latter  state,  when  using  steam  at  about 
1 5  lbs.  pressure,  it  consumed  about  twice  as  much  fuel  as  when  condensing.  I 
have  heard  similar  statements  from  several  respectable  quarters,  and  think  it 
very  probable  that  such  would  be  the  approximate  results,  from  engines  so  con- 
verted ;  but  experiments  of  this  nature  are,  evidently,  inadequate  to  determine 
the  true  relation  of  the  efficiency  of  steam  on  the  two  systems. 

The  Table  thus  comprises  determinations  of  the  jwsilive,  and  comparative 
excellence  of  the  three  great  classes  into  which  steam  engines  may  be  divided. 
Of  these  there  are  varieties,  which  must  partake,  in  a  greater  or  lesser  degree, 
of  the  advantages  of  each  system. 

The  Cornish  engineers  have  recently  extended  the  application  of  their 
system  to  rotative  purposes,  by  engrafting  rotation  on  single,  as  well  as  double- 
acting  engines ;  and  they  have  already  attained  the  high  duty  of  60  millions 
and  upwards  * — a  convincing  proof  that  the  benefit  to  be  derived  from  the  use 
of  greatly  expanded  steam,  is  not  limited  to  pumping  engines.     Marine  en- 

•  Leaa's  Monthly  Reiwris. 
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gineers  are  slowly  following  in  the  wake  of  the  Cornish  ;  pradentially,  too,  as 
there  are  many  other  considerations  of  importance  ^>esides  economy  of  power, 
in  a  Steam-vessel ;  but  there  can  be  no  doubt  that  diminished  expenditure  of 
power,  and,  consequently,  of  fuel,  will  accompany  the  closer  imitation  of  the 
Cornish  practice.  The  combination  of  two  engines,  and  the  momentum  of  a 
steam-vessel,  are  elements,  per  se,  particularly  favourable  to  the  application  of 
this  system  in  its  fullest  extent,  to  the  purposes  of  marine  locomotion ;  but  the 
extent,  to  which  it  can  be  practically  adopted,  is  a  question  to  be  settled  only 
by  experience,  carefully,  and  gradually  acquired. 

It  is  a  question,  also,  whether  the  extreme  use  of  the  Cornish  system  is 
suitable  for  those  manufacturing  engines,  one  great  and  essential  quality  of 
which  is  uniformity  of  motion.  A  steady  velocity  in  the  motive  power,  is  of 
such  consequence  in  cotton  spinning,  and  several  other  of  the  arts,  that  any  loss 
of  it  would  be  dearly  bought  by  economic  gain.  The  momentum  of  machinery 
of  this  description,  is  but  trifling ;  and  an  equivalent  must  be  found  for  it,  in 
order  to  obtain  the  whole  value  of  the  Cornish  expansive  system.  With  the 
degree  of  uniformity  of  motion,  attained  by  expansive  rotative  engines  in  Corn- 
wall, I  am  unacquainted ;  this  should  be  a  matter  of  investigation  by  persons 
desirous  of  availing  themselves  of  their  economy,  for  uses  which  require  such 
precise,  and  unvarying  speed. 

The  continuous  worjring  of  a  steam-engine  is  productive  of  a  large  saving  in 
fuel.     A  residence  oj^me  years  in  Manchester  enabled  me  to  inform  myself  of 
the  average  confflmiption  of  coal,  by  the  best  engines  in  that  town  and  neigh- 
bourhood; wUcn,  being  rated  at  about  1^  hundred  weight,  per  horse-power, 
per  diem,  01^5  lbs.  per  horse,  per  hour,  may  be  considered  as  below,  rather 
than  aboTTthe  mean.     Of  this  quantity,  it  is  estimated  that  one  third  is  wasted 
in  rsusiurf'the  steam  each  morning — in  the  loss  occasioned  by  meal-time  stop- 
P^8®*']Jfnd  in  the  consumption  of  the  night.     Much  of  this  waste  is,  doubtless, 
*>^''iprlo  careless  management,  to  the  neglect  of  covering  boilers,  &c. ;  such  is, 
^o'^ver,  the  expenditure  of  fuel,  in  present  practice,  in  Lancashire.     A  Cornish 
*^ne,  when  doing  an  80  million  duty — a  performance  lower  than  Cornish  en- 
I^ee^s  would  guarantee — accomplishes  the  same  work  as  a  Manchester  engine, 
%nth  one  sixth  the  expenditure  of  fuel.     It  has  been  suggested,  that  fully  three- 
fourths  of  the  entire  effect  of  a  Cornish  engine  would  be  realized,  and  the  most 
uniform  of  motions  obtained,  by  employing  this  engine  to  raise  water  upon  a 
wheel,  and  thus  transf^  its  power  to  machinery.     The  engine  might  then  be 
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kept  continually  at  work,  and  the  horse-power  would  be  obtained  by  the  con- 
sumption of  about  3  pounds  of  coal  per  hour. 

This  would,  probably,  be  the  cheapest  of  all  means  of  obtaining  power,  for 
stationary  purposes  on  railways,  where  fixed  engines  must  lose,  by  waste,  a  yery 
much  larger  proportion  of  steam  and  fuel  than  manufacturing  engines,  owing  to 
the  greater  irregularity  of  the  demand  upon  them.  The  pumping  en^nc  may  be 
kept  at  work  without  intermission ;  its  rate  may  be  accurately  accommodated 
to  immediate,  or  anticipated  wants ;  and  the  use  of  a  reservoir,  of  very  mode- 
rate dimensions,  would,  at  all  times,  secure  a  supply  of  power,  available  at  a 
moment's  warning,  by  night  or  day.  These  arrangements  are  practicable  in  aU 
situations  where  a  sufficiency  of  water,  for  injection,  exists ;  little  waste  would 
arise  from  the  wheel,  its  water  being  continually  returned  to  it,  and  that  waste 
could  be  made  good  from  the  water  discharged  by  the  air-pump. 


OF  THE  STANDARD  MEASURE  OP  DUTY. 

The  present  system  of  rating  the  duty  of  steam-engines  in  Cornwall,  by  the 
heaped  imperial  bushel  measure,  of  coal,  is  open  to  great  objections. 

If  it  be  necessary,  from  long  usage,  to  purchase  coals  by  measure,  they 
should  be  weighed  to  the  engine ;  as  the  calorific  value  of  coal  does  not  depend 
on  bulk,  but  on  the  purity,  and  quantity  of  its  carbon.  This  objection  to  measure, 
has,  to  a  certain  extent,  been  appreciated,  and  it  has  been  found  requisite  to  fix 
the  doit/  weight  of  a  bushel.  It  appears  to  me  that  as  tho  weight  of  a  bushel  of 
coals  is  so  various,  and  as  it  htis  been  found  needful  to  reduce  these  varying 
bushels  to  some  common  weight — 94  j>ounds  being  the  present  Cornish  standard 
of  comparison  m  the  Monthly  Reports  of  duty — it  would  be  better  to  adopt 
some  multiple  of  a  ton  for  that  purpose ;  or,  still  better,  to  estimate  the  duty, 
by  the  effect  of  a  single  pound  of  coal.  The  difference  in  weight,  of  the  bushel 
of  coals,  from  mines  in  the  same  district,  and  different  districts,  is  greater,  per- 
haps, than  is  commonly  imagined.  From  the  published  Minutes  of  Proceedings 
of  the  sessions  of  the  Institution*,  it  appears  that  the  bushel  of  coals  has  been 
ascertained  by  several  en^neers,  to  vary  from  80  to  112  lbs. ;  and  Mr.  Ilenwood 
found,  at  three  engines,  the  respective  weights  of  the  bushel  of  coals  in  use,  to 
be  100,  92A,  and  88Albs.  (Trans.  Inst.  C.  E.  Vol.  II.) 

Fuel,  unaccompanied  by  a  statement  of  its  e\'aporative  product  at  each  en-  • 
•  See  Minutes  Inst.  C.  E.,  Session  1838,  pp.  3  and  7. 
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ffsie  is,  at  best,  but  an  imperfect  standard  of  the  merit  of  engines.  A  knowledge 
of  its  consumption  is  a  necessary,  and  important  item  in  accounts  of  expense,  as 
it  determines  the  money  cost  of  working  an  en^ne ;  and  we  have  seen  the 
success  which  has  attended  the  unwearied  and  skilful  efforts  to  diminish  it ; 
but  a  more  accm-ate  standard  of  dynamic  efficiency  is  requisite.  It  is  possible 
that  coal  may  not  always  continue  to  be  the  sole  combustible  employed  to  ge- 
nerate the  power  of  engines ;  it  may  be  exchanged  for  anthracite,  coke,  peat-^- 
substances  already  in  partial  use— -or  steam  may  be  generated  by  artificial 
fuels,  or  by  processes  now  unknown,  and  unimagined.  The  work  done  by  any 
given  weight  of  water  as  steam,  is  a  sure  index  of  the  quality  of  a  steam-en- 
gine ;  it  is  a  measure  unaffected  by  variable  calorific  agents ;  and,  so  long 
as  the  engine  continues  to  be  worked  by  steam,  so  long  will  the  performance  of 
different  engines  be  accurately  gauged  by  their  respective  expenditure  of  water 
as  steam. 

I  will  venture  to  suggest  the  use  of  the  pound  qftmUer  as  steam,  as  the  most 
convenient  and  correct  standard  of  duty  which  can  be  adopted.  In  Table  VI., 
column  11,  this  standard  is  applied  to  all  the  engines  examined.  Cornish  en- 
gineers will  perceive  the  ease  with  which  the  tyranny  of  custom  would  be 
shaken  off,  and  the  &cility  with  which  old  associations  would  be  melted  into  a 
new  one,  by  the  adoption  of  this  standard.  It  happens — from  the  circumstance 
that  the  Cornish  evaporation,  in  the  best  conditioned  engines,  amounts  to 
10^  pounds,  for  each  pound  of  coal  burnt ;  and,  fix)m  the  circumstance,  that  the 
adopted  weight  of  a  bushel  is  but  little  short  of  100  pounds — that  the  duty 
done  by  a  pound  of  steam  is  nearly  the  one  thousandth  part  of  that  done  by  a 
bushel  of  coal.  The  transition,  therefore,  would  be  easy  and  natural  from  mil- 
lions, raised  by  a  bushel  of  coal,  to  thousands  of  pounds,  raised  by  one  pound  of 
water  as  steam.  The  image  of  effect  would,  also,  be  much  more  clearly  im- 
pressed upon  the  mind  by  reference  to  this  measure  of  force,  rather  than  to  the 
force  obtained  from  a  bushel  of  coals.  Every  one  can  understand  and  appre- 
date  the  weight  of  a  pound ;  as  well  as  the  degree  of  force  he  would  have  to 
exert  in  raising  that  pound  a  foot  in  height ;  and,  being  informed  that  a  pound 
of  water,  converted  into  steam,  is  capable — through  the  medium  of  the  engine 
— of  elevating  one  hundred  and  twenty-six  thousand  times  its  own  weight,  to 
an  equal  height,  the  mind  would  receive,  not  only  a  distinct  image  of  the  vast 
force  of  steam^  and  of  the  account  to  which  it  is  turned  by  the  ingenuity  of  man. 
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but  it  would  imbil^e  an  accurate  idea  of  the  true  meflsure  of  the  power  of  the 
steam-engine. 

Great  additional  value  would  be  conferred  on  the  monthly  reports  of  the 
Cornish  engines,  by  incorporating  in  them  two  such  columns  as  10  and  11 
in  the  tabic.  Tlie  evaporation  from  the  boilers  of  each  engine  might  be  stated 
separately,  or  it  might  be  omitted  ;  as  the  weight  of  water  vaporized  by  a 
pound  of  coal,  in  each  case,  would  be  found  by  dividing  the  duty  obtained 
from  the  |X)Ui»d  of  coal,  by  that  obtnincd  from  the  pound  of  water  as  steam. 

In  column  8,  I  have  exhibited  the  duty  equivalent  to  the  use  of  one  hun- 
dred weight  of  coal ;  but,  though  a  multiple  of  the  ton,  I  think  the  hundred 
weight  would  be  objectionable  as  a  standard,  from  its  raising,  still  higher  than 
the  bushel,  the  expression  of  the  load  overcome.  The  millions  of  pounds,  van- 
quished by  the  bushel,  have  already  sufficiently  tried  the  ingenuity  of  the 
expounders  of  the  steam-engine,  by  inducing  them  to  convert  weight  of  duty 
into  bulk  ;  or  to  involve  in  it,  as  they  have  sometimes  done,  strange  conceits  of 
time  and  space,  in  order  to  represent,  as  they  imagine,  a  less  complex  notion  of 
this  simple  proposition. 


OF  THE  CONSTITUENT  HEAT  OF  STEAM. 

The  weight  of  water,  as  steam,  would  not  be  a  true  measure  of  the  relative 
consumption  of  heat  by  different  engines — which  is  the  economical  result 
sought — if  a  given  weight  of  water,  as  steam,  at  different  elasticities,  contained 
variable  amounts  of  caloric.  Experinients,  to  determine  the  constituent  heat  of 
steam,  conducted  with  great  care,  by  various  methods,  and  leaving  little  to  be 
wished  for,  have  been  made  by  several  philosophers.  Their  conclusion,  that 
the  sum  of  heat  in  steam,  at  all  specific  gravities,  is  a  constant  quantity,  is 
generally  received  as  a  law  of  nature. 

It  occurred  to  me  that  it  would  be  practicable  to  perform  a  set  of  experi- 
ments, within  certain  limits,  which  would  have  the  effect  of  confirming,  or 
disproving  this  assumed  fact,  by  ascertaining  the  quantity  of  water  which  a 
given  weight  of  coal  would  convert  into  steam,  at  various  pressures.  It  was 
requisite  that  these  experiments  should  be  made  on  the  same  boiler,  with  the 
same  kind  of  coal,  and  that  an  equal  weight  of  coal  should  be  consumed,  during 
each  experiment,  as  neariy  as  possible  in  the  same  time ;  or  that  equal  quanti- 
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ties  of  water  should  be  evaporated,  xinder  the  different  pressures,  as  nearly  as 
possible  in  equal  times. 

The  following  Table  gives  the  result  of  28  experiments,  made  during  28 
successive  days,  on  vaporization  from  the  boiling  point,  to  60  pounds  pressure 
per  square  inch  above  the  atmosphere.  They  are  presented,  as  essentially  con- 
firming the  doctrine  first  made  known  by  Watt  and  Southern  ;  as  practi- 
cally conclusive  that  there  is  no  material  difference  in  the  consumption  of  fuel, 
to  convert  equal  weights  of  water  into  steam,  of  the  elasticities  cited ;  and, 
consequently,  that  the  relative  efficiency  of  steam  in  engines  is  solely  due  to  the 
manner  of  using  it,  not  to  any  change  in  its  chemical  constitution  at  different 
pressures. 

Table  VIL 


i 


No. 

4 
1 
1 
3 
2 
1 
1 
I 
2 
2 
3 
3 
4 


II 


lbt.pertq.  la. 

0 

6 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 


Temp. 

212<' 

226.30 
237.64 
247;94 
256.78 
264.82 
272.02 
278.80 
285.04 
290.76 
295.96 
300.76 
305.06 


h 
n 


ItM. 

800 
190 
202 
585 
396 
204 
200 
203 
202 
408 
615 
624 
840 


111 


lb*. 

200 
199 
202 
105 
108 
204 
200 
203 
202 
204 
205 
208 
210 


Cub.  feet. 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


Ho.  tntn. 

10 

0  65 

10  1 

9  50 

10  3 

10  4 
10 

9  58 

9  59 

10  5 
10 

0  57 

10  2 


I  will  now  proceed  to  relate  the  manner  of  conducting  these  experiments,  as 
their  value  entirely  depends  on  the  precautions  taken  to  ensure  accurate  results. 

The  boiler  employed,  was,  in  its  exterior  form,  precisely  similar  to  an  ordi- 
nary locomotive  one  ;  but  of  different  dimensions  and  internal  structure.  The  fire- 
box, inside,  was  4  feet  square,  and  the  grate,  consequently,  16  square  feet  in  area. 
The  heat  then  passed  through  five  tubes,  10  inches  diameter  inside,  and  5^  feet 
in  length,  contracted  at  the  smoke  box  end  to  5  inches  diameter,  in  the  last  12 
inches  of  their  length.  The  chimney  was  twenty  feet  high  from  the  ground, 
and  1 5  inches  diameter,  with  a  damper  in  it  near  the  summit.     In  the  first 
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place,  I  ascertained  how  much  water  the  boiler  would  hold,  in  the  visible  length 
of  the  glass  gauge,  so  as  not  to  leave  the  top  of  the  fire-box  uncovered,  nor  yet 
to  rise  so  high  as  to  endanger  the  accuracy  of  the  experiments  by  priming.  The 
water  was  both  weighed  and  measured  into  the  boiler,  by  imperial  standards ; 
a  scale  was  adjusted  to  the  glass  gauge,  which  sensibly  denoted  a  cubic  foot, 
and  admitted  of  subdivisions ;  and  I  found  1  had  20  cubic  feet  of  water  to 
operate  upon.  The  capacity,  thus  ascertained  and  graduated,  served  for  all  the 
experiments.  This  being  done,  I  ascertained  the  weight  of  coal,  which  would, 
probably,  be  required  to  evaporate  the  20  cubic  feet  of  water ;  but,  as  I  wished 
to  render  the  combustion  very  perfect,  and  ensure,  as  far  as  possible,  that  no 
uncombined  air  should  pass  through  the  fire,  I  diminished  the  area  of  the  grate 
one  half  by  bricking  it  over,  air-tight,  and  left  the  air  spaces,  between  the 
bars,  iVlhs  of  an  inch  wide,  the  bars  being  f  of  an  inch  in  breadth. 

As  the  experiments  in  contempLation  would  last  many  days,  and  it  being 
essential  that  the  coals  should  be  as  nearly  uniform  in  purity  and  strength  as 
possible,  I  went  to  a  neighbouring  pit  to  procure  them  ;  and  into  the  pit,  that  I 
might  assure  myself  of  every  lump  coming  fi-om  the  same  vein,  and  the  same 
part  of  it.  I  thus  procured  3  tons,  and  had  every  lump  broken  into  pieces  which 
would  pass  through  an  inch  and  a  half  ring;  rejecting  every  piece  which  exhi- 
bited the  slightest  symptom  of  impurity.  The  coal  was  then  carefully  covered 
up  from  rain  or  dampness. 

It  may  not  be  uninteresting  here  to  state,  that  I  tested  the  coal  as  to  the 
moisture  it  contained,  when  raised  from  the  pit,  and  found  it  to  be  about  «Vth 
of  its  weight  As  a  measure  of  precaution,  also,  I  each  day  weighed  1000  grains 
of  the  coal  submitted  to  combustion,  dried  it  thoroughly  in  a  warm  oven,  and 
ascertained  its  loss,  which  varied  from  4  to  fi  per  cent.,  during  the  28  days  of 
the  experiments ;  so  that  no  change  took  place  in  the  humid  contents  of  the 
coal. 

A  thermometric  steam-gauge,  graduated  for  temperatures  and  pressures, 
(made  by  Mr.  Adie,  optician,  Liverpool,)  was  appUed  to  the  boiler,  without 
which  I  should  have  been  unable  to  have  kept  the  fire,  and  rate  of  evaporation, 
so  steady  as  I  desired.  The  safety-valve  was  similar  to  those  commonly  used 
on  locomotive-engine  boilers»  and  had  been  carefully  weighed,  when  the  degrees 
of  pressure  were  marked  on  its  spring  balance.  Durmg  these  experiments,  the 
spring  balance  was  released  from  its  hook,  and  weights  were  suspended  to  it, 
that  it  might  rise  freely  at  the  blowing  point  of  each  experiment.  The  scale  of  the 
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valve  was  graduated  from  10  lbs.  to  65  lbs.  above  the  atmosphere.  It  rose  very 
evenly,  throughout  the  whole  range,  in  correspondence  with  the  pressures  marked 
on  the  thennometric  gauge,  excepting  that  it  was  uniformly  somewhat  later  in 
its  indications  than  the  former.  This  is  explained  by  Mr.  Adie,  (with  whom  I 
conmiunicated  on  the  subject,)  by  his  stating  that  the  temperatures,  and  corre- 
sponding pressures,  marked  on  his  instrument,  were  from  2  to  4  degrees  of 
Fahrenheit  below  those  determined  by  the  French  academicians,  as  they  were 
not  corrected  for  the  portion  of  the  mercury  exposed  to  the  cooling  of  the  atmo- 
sphere— a  difference  which  was  to  be  expected.  The  correspondence  between 
this  thermometer  (with  the  correction  supplied)  and  the  safety-valve,  were  thus 
a  proof — though  a  rude  one— of  the  accuracy  of  the  determinations  of  the 
French  philosophers.  Mr.  Adie*s  graduations  were  from  experiments,  made  by 
himself,  with  steam  from  the  boiler  of  the  locomotive  engine,  Venus,  brought  to 
a  merciurial  column,  on  the  Liverpool  and  Manchester  Railway. 

These  arrangements  being  made,  a  few  preliminary  experiments  shewed  that 
about  200  lbs.  of  coal  would  be  required,  and  that  about  10  hours  would  be  the 
time  occupied  in  vaporizing  the  20  cubic  feet  of  water,  at  the  slow  rate  of  com- 
bustion, which  I  thought  best  fitted  to  give  correct  results.  As  the  damper  did 
not  fit  quite  close  enough,  to  restrain  the  fire  sufficiently,  I  diminished  the  aper- 
ture of  the  five  tubes,  at  the  point  of  exit  into  the  smoke-box,  by  one  half. 

The  experiments  were  prosecuted  as  follows. — Each  morning  200  lbs.  of 
coal  were  weighed  by  myself,  the  boiler  having  been  previously  pumped  some- 
what fuller  than  the  level  of  commencement,  and  the  steam  raised  to  the  pres- 
sure of  the  intended  experiment.  When  the  thermometer  shewed  signs  of 
felling  below  that  pressure,  and  the  fire  was  unable  to  elevate  it,  the  water  was 
drawn  off  to  the  zero  or  upper  division  of  the  glass  gauge;  185  lbs.  of  coal 
were  immediately  put  lightly  and  equally  over  the  whole  surface  of  the  grate, 
and  the  fire  door  instantly  plastered  round  with  clay.  As  the  draught  and 
combustion  were  very  slow,  it  required  about  half  an  hour  before  evaporation 
commenced,  and  the  thermometer  usually  fell  2  or  3  degrees  during  the  first 
quarter  of  an  hour;  until  the  coals  became  a  little  ignited.  The  fire  door 
was  opened  at  the  sixth  hour  to  examine  and  level  the  fuel ;  and  as  the 
evaporation,  which  was  noted  every  quarter  of  an  hour,  was  nearly  alike  each 
day  and  each  hour,  it  became  easy  to  judge  how  much  more  coal  would  be 
required ;  and  my  practice  was  to  add  10  lbs.  at  that  hour;  clay  up  the  fire 
door  again ;  and,  as  soon  as  the  steam  began  to  fall,  to  add  as  much  more  coal 
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as  would  complete  the  evaporation  of  the  20  cubic  feet.  The  duration  of  each 
experiment  is  reckoned  from  the  moment  of  the  rising  of  the  valve,  at  the  re- 
spective pressures,  till  it  closed  from  the  exhaustion  of  the  fire. 

At  the  termination  of  each  day's  experiment,  the  boiler  was  well  cleansed 
by  blowing  off,  through  several  cocks,  when  the  steam  was  yet  up,  but  the  fire 
extmguished.  The  fire-box,  grate,  and  flues  were  swept  free  from  all  deposit  or 
attached  soot,  and  the  Iwiler  replenished  with  water  for  the  following  day's  ex- 
j)eriment.  I  attended  each  day  at  the  starting  of  the  experiment,  and  until  the 
regular  rate  of  evaporation  exhibited  itself.  I  visited  the  boiler  two  or  three 
times  during  the  first  six  hours,  and  was  always  present  from  the  sixth  hour  till 
the  conclusion.  When  any  thing  occurred  to  cause  me  to  doubt  the  accuracy  of 
an  experiment,  it  was  repeated  on  the  ensuing  day ;  and  though,  in  reality, 
every  one  of  the  experiments  is  entitled  to  as  much  confidence  as  another,  it  will 
be  seen  that  as  I  approached  the  higher  pressures,  I  made  more  escperiments  on 
each. 

The  columns,  mean  weight  of  coal,  and  time,  express  the  means  of  the  num- 
ber of  the  experiments  on  the  same  pressure ;  the  variation  in  the  weight  of 
coals  burnt,  did  not,  however,  exceed  4  lbs.,  nor  the  time  more  than  five  minutes, 
in  any  of  these,  so  that  I  have  thought  it  unnecessary  to  encumber  the  table  by 
inserting  other  than  the  mean  time, 

I  am  confident  that  not  an  ounce  of  water  was  wasted  any  one  day.  I 
wislied  to  have  experimented  at  65  lbs.,  but  one  of  the  rivets  wept  a  little 
at  that  pressure,  and  I  abandoned  it. 

It  will  be  remarked  that,  from  the  commencement  to  the  termination  of  each 
day's  experiment,  my  assistant  had  nothing  to  do  but  to  observe  his  thermometer, 
note  the  rate  of  evaporation,  regulate  his  damper,  and  occasionally  hand  the 
safety-valve  to  maintain  the  pressure  of  steam  uniform.  The  thermometer  indi- 
cated, with  great  delicacy,  when  the  damper  required  opening  or  shutting,  by  a 
single  notch.  No  water  had  to  be  pumped ;  the  fire  bad  not  to  be  stirred  ;  nor 
could  any  thing  occur  to  derange  the  observations. 

I,  therefore,  consider  these  experiments  as  substantively  conclusive,  for  all 
practical  purposes,  that  equal  quantities  of  heat  enter  into  the  composition  of  equal 
quantities  of  water  in  the  shape  of  steam,  at  all  the  temperatures  and  pressures 
noted  ;  and,  consequently,  that  the  sum  of  the  sensible  and  latent  heat,  in  steam  of 
the  s|>ecific  gravities  belonging  to  these  pressures,  is  a  constant  quantity-,  as  pre- 
viously determined  by  nicer  experiments.     The  greatest  difference  in  the  results 
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of  any  two  experiments  is  5\  per  cent.,  and  I  feel  no  hesitation  in  expressing  my 
own  conviction,  that  the  small  increase  in  the  consumption  of  coal  observable  at 
the  more  elevated  pressures,  was  simply  owing  to  the  circumstance,  that,  in 
consequence  of  the  increased  temperature  of  the  absorbing  water,  at  those  pres- 
sures, the  heat  necessarily  quitted  the  boiler  at  a  somewhat  higher  temperature 
than  at  the  lower  elasticities. 

I  omitted  to  state  that,  in  the  first  two  of  the  four  experiments  at  the  boiling 
point,  the  man-hole  cover  and  safety-valve  were  removed,  and  two  cocks  opened, 
that  the  steam  should  have  the  freest  possible  exit,  in  order  to  confirm  my  faith 
in  no  unvaporized  water  passing  over  with  the  steam  in  the  subsequent  experi- 
ments. In  the  two  others,  stated  as  from  212°,  the  whole  of  the  steam  escaped 
through  the  safety  valve  aperture,  exhibiting  an  elevation  of  about  two  degrees 
of  temperature.  At  5  lbs.  on  the  inch,  the  safety  valve  was  replaced,  and 
regulated  by  hand,  as  its  own  weight,  with  the  lever,  spring-balance,  and  rod, 
equalled  10  lbs. 

It  may  be  said,  and  with  truth,  that  though  equal  volumes  of  water  were 
evaporated,  the  weights  were  not  identical,  owing  to  the  dilatation  of  the  water 
for  its  temperature ;  but  this  would  cause  so  slight  a  difierence,  that  I  preferred 
the  plan  of  evaporating  equal  bulks,  previously  heated  in  the  boiler  to  the  ex- 
perimental degree,  to  that  of  pumping  the  supply  during  each  experiment :  for, 
in  the  28  days,  the  water  I  was  using  would  have  varied  nearly  15  degrees  in 
temperature,  on  entering  the  boiler. 

The  experiments  were  made  in  January  and  February,  1837.  The  boiler 
was  much  exposed,  being  fixed  upon  a  machine  for  agricultural  purposes,  then 
on  a  bog  ;  but  the  whole  being  covered  with  a  roof,  no  rain  or  snow  entered, 
and  the  boiler  was  clothed  with  sacking  and  tarpaulins,  so  that  the  varying 
temperature  of  the  atmosphere,  out  of  doors,  could  have  but  little  efiect  upon  it. 
Every  precaution  was  used  to  preserve,  as  nearly  as  possible,  an  uniformity  of 
temperature  about  the  boiler. 

The  coal  was  extracted  from  one  of  the  pits  belonging  to  Wm.  Hulton,  Esq., 
of  Hulton,  near  Bolton,  a  coal  well  known  in  Lancashire  for  the  purity  and 
strength  of  its  coke ;  and  I  took  the  opportunity  of  making  four  experiments  on 
the  latter  combustible ;  viz.  one  at  the  boiling  point,  one  at  20  lbs.,  one  at  40  lbs., 
and  one  at  60  lbs.  pressure.  The  consumption,  respectively,  was  148,  149,  152, 
and  153  pounds  to  evaporate  the  20  cubic  feet  of  water,  in  10  hours  ;  being  about 
25  per  cent,  less  than  the  coal  from  which  it  was  prepared.     It  must,  however, 
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be  observed,  that,  as  the  coke  required  more  draught  than  the  coal,  I  was  obliged 
to  widen  the  air  spaces  between  the  bars,  and  to  open  the  ends  of  the  five  tuljes 
of  the  boiler,  so  that  a  greater  waste  took  place,  of  droppings  into  the  ash-pit« 
and  of  heat  through  the  chimney. 
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OF  THE  LOCOMOTIVE  ENGINE. 


The  locomotive,  as  an  instrument  of  mechanical  power,  differs  only  by  its 
use  of  the  blast  from  the  fixed  non-condensing  engine ;  it  is  the  same  engine 
set  on  wheels ;  it  receives,  and  transfers  the  force  of  the  steam,  in  a  manner 
identically  similar  to  a  stationary  engine;  and  its  effects  are  ascertainable  and 
measurable  by  processes,  common,  and  applicable  to  each.  In  its  locomotive 
(^aracter,  it  resembles  the  marine  steam-engine ;  both  engines  form  integral 
parts  of  the  mass  of  matter  set  in  motion  by  them  ;  the  power  of  each  is  com- 
mimicated  to  the  mass,  by  contrivances  varying  only  in  their  adaptation  to  the 
media  on  which  they  operate ;  but,  both  engines  are  at  rest,  relatively  to  the 
mass  moved,  and  to  the  media  of  motion.  The  power  and  effects  of  both 
engines  are,  therefore,  recognizable,  and  a])iireciable  by  one  or  other  of  those 
methods  of  investigation  previously  describetl,  and  employed  in  practice,  as  they 
may  best  suit  the  special  circumstances,  work,  and  natiu'e  of  different  engines. 

The  method  resorted  to  by  experimenters  on  the  locomotive,  has  been  that 
of  attempting  to  determine  the  amount  of  resistance  opposed  to  its  progress,  ui 
preference  to  that  of  ascertaining  the  power  expended  in  overcoming  the  resist- 
ance. The  solution  of  either  of  the  two  problems  would  be  equivalent  to  the 
solution  of  both,  it  being  an  axiom  in  mechanics,  that  power  and  resistance 
are  constantly  in  equilibrio ;  the  amount  of  one  of  these  forces,  being  ascer- 
tained would,  consequently,  be  a  true  measure  of  the  amount  of  the  other. 

The  search  after  the  sum  of  the  resistance,  by  the  process  of  analysing  its  seve- 
ral constituent  quantities,  has  been  attended  with  perplexing  difficulties;  as  that 
sum  arises  out  of  forces,  which,  though  distinct,  are  yet  so  numerous  and  vari- 
able, that  the  determination  of  the  exact  quantity  assignable  to  each,  at  any 
one  velocity,  has  hitherto  eluded  the  sagacity  and  industry  of  all  the  ex- 
perimenters who  have  explored  the  subject.  That  the  investigation  has 
failed  of  success,  will,  I  think,  l>e  demonstrated  by  the  following  examination 
of  such  results  and  conclusions  as  the  several  labourers  in  this  inviting  and  fer- 
tile field  of  experiment  have  presented  to  us,  as  facts  ;  or  which,  as  deductions 
frtDm  natural  laws,  ought,  in  their  opinion,  to  command  universal  assent,  and  be 
received  as  a  creed  based  on  immutable  principles.  I  think  it  will  be  ap- 
parent, from  the  indications  of  the  tests  to  which  I  propose  to  submit  these  so- 
called  facts,  and  deductions,  that  the  first  are  but  erroneous  estimations,  and  the 
second,  unwarranted,  and  untenable  hypotheses. 
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The  exposure  of  fallacies  is  far  from  being  an  agreeable  task  ;  but,  if  truth 
— fabled  as  being  concealed  at  the  bottom  of  a  well — is  to  reward  our  re- 
sesirches,  we  must  not  be  scared  from  its  pursuit,  by  the  weight  of  superin- 
cumbent matter  to  be  removed,  before  the  light  shines  on  the  object  sought. 
I  have  laboured  diligentlyj  though  humbly  and  less  publicly  than  several  other 
enquirers  on  this  subject ;  I  have  carefully  studied  the  exposition  of  their  ex- 
periments and  deductions  ;  and,  in  discussing  them,  I  trust  that  no  difference  of 
opinion  with  the  authors,  whose  works  it  is  necessary  for  me  to  examine,  will 
be  construed  into  any  want  of  respect  on  my  part  for  men  whose  talents,  and 
persevering  exertions  entitle  them  to  the  esteem  of  all  who  seek  to  illustrate  the 
practice,  or  principles  of  eng'meering  science. 

The  first  analyst,  in  the  order  of  time,  who  applied  himself  to  the  solution 
of  the  several  problems  connected  with  the  locomotive  euguie,  was  M,  de 
Parabour.  His  work*  appeared  in  1836.  I  received  it  when  engaged  in 
nearly  daily  practice  and  experiment,  with  an  engine  precisely  similar  to  the 
railway  locomotive,  though  applied  to  a  very  different  species  of  locomotion. 
The  consumption  of  steam  and  fuel,  by  this  engine,  had  necessarily  occupied 
much  of  my  attention,  it  being  requisite  to  inform  myself  of  the  cost  of  power, 
in  order  to  determine  the  important  item  of  expense,  for  the  purposes  to  which 
the  engine  was  destined.  I  had  experimented  upon  the  additional  resistance 
occasioned  by  the  blast,  at  certain  pressures ;  upon  the  expenditure  of  water  as 
steam,  at  different  loads,  and  at  different  velocities ;  and,  from  a  previous  know- 
ledge of  the  consumption  of  steam,  for  given  effects,  by  fixed  high-pressure,  and 
other  engines,  I  felt  to  have  in  my  hands  a  safe  test,  within  certain  limits,  of 
the  accuracy  of  my  results.     These  will  appear  in  their  place  in  the  sequel. 

M.  de  Pambour's  experiments  arrested  my  earnest  attention,  and  I  imme- 
diately set  to  work  to  reduce  them  to  the  standards,  by  which  the  engines  are 
compared  in  Table  VI.  In  this  there  was  no  difficulty,  as  the  tractive  force 
was  given ;  whence  both  the  duty,  and  horses-power  were  deducibie. 

The  results  obtained  from  the  very  first  investigation  surprised  me,  it  ap- 
pearmg  that,  if  the  estimate  of  resistance  were  correct,  a  duty  had  been  accom- 
plished, and  a  horse-power  had  been  created,  by  a  much  smaller  expenditure  of 
water  as  steam,  than  was  possible  even  by  the  condensing  engine.  I  imagined, 
therefore,  that  some  error  had  crept  into  my  calculations ;  or,  that  some  extra- 
ordinary economic  principle  belonged  to  the  locomotive  engine,  which  had 
*  A  Practical  Treatise  on  Locumotive  Engines  upon  Railways. 
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escaped  my  notice ;  or,  T  was  forced  to  conclude  that  the  resistance  assigned, 
viz.  8  lbs.  per  ton,  was  considerably  greater  than  could  have  been  overcome  by 
the  steam,  at  the  velocity  of  the  engine  under  examination.  I  repeated  the 
calculations,  repeated  the  experiments  on  the  engine  under  my  charge,  and 
found  the  same  discrepancy  between  M.  de  Pambour's  and  my  own  results. 
These  calculations  were  made  upon  the  Atlas,  at  the  velocity  of  9.72  miles  per 
hour,  being  the  first  among  the  experiments  given  in  the  following  Tables. 

A  more  attentive  study  of  this  author's  work,  disclosed  to  me,  also,  that  he 
had  not  ascertained  any  data  by  which  to  estimate  the  surplus  resistance  to  the 
effective  steam  in  a  locomotive,  over  a  fixed  high-pressure  engine,  occasioned  by 
the  counter  elasticity  in  the  blast-pipe ;  the  amount  of  which  would  reduce 
still  lower,  the  constimption  of  water  as  steam,  for  a  given  effect.  In  addition, 
I  found  that  the  tractive  force  was  considered  by  the  author  to  be  uniform  at 
all  velocities ;  inasmuch  as  he  assumed  the  resistance  to  the  progressive  motion 
of  the  train,  to  be  equal  at  all  velocities.  This  was  a  puzzle ;  for,  it  seemed 
self-evident,  since  an  engine  could  not  drag  so  heavy  a  load  at  a  high,  as  at  a 
lower  velocity — and,  since  it  appeared,  from  the  evaporative  data,  that  a 
larger  consumption  of  water  as  steam  took  place  at  tlie  higher  than  at  the 
lower  velocities,  in  every  instance — ^it  seemed,  I  thought,  self-evident  that,  rated 
on  the  ton  of  matter  moved,  the  tractive  force  must  have  been,  from  some  cause 
or  other,  increased  at  the  higher  velocities,  in  a  proportion  not  greatly  differing 
from  the  inverse  ratio  of  the  loads.  Some  great  misconception  appeared  to  me 
to  pervade  the  whole  of  these  experiments,  for,  if  the  deductions  were  erroneous 
in  one  case,  they  were  so  in  all,  being  all  based  on  data  similarly  obtained ; 
but,  whether  the  error  arose  from  fallacious  deductions,  or  inaccurate  observ- 
ations, it  was  out  of  ray  power  to  clear  up  the  mystery.  Strong  doubts,  too, 
arose  in  my  mind  as  to  the  correctness  of  the  evaporative  data,  my  experience 
of  locomotive  engines  having  assured  nie  that  priming,  in  a  greater  or  less 
degree,  existed  in  all  of  them ;  and,  by  that  amount,  whatever  it  was,  the 
water  consumed  as  steam  would  have  to  be  again  diminished. 

After  making  several  abortive  attempts  to  reconcile  the  results  of  these  ex- 
periments with  those  on  my  own,  and  other  engines,  I  determined  to  defer  a 
more  rigid  scrutiny  of  them,  to  a  future  period,  in  the  hope  that  M.  de  Pam- 
bour  himself,  or  other  experimenters,  would  throw  additional  light  on  the  sub- 
ject ;  that  they  would  suj>ply  the  necessary  corrections ;  or  renew  the  investi- 
gation on  some  fresh  basis. 
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The  examination,  which  my  little  leisure  then  permitted,  led  me  to  reflect 
on  the  fitness  and  accuracy  of  the  method  adopted  by  M.  de  Pambour  of  de- 
ducing the  resistance  to  traction,  from  the  laws  of  gravitation ;  and  1  was  dis- 
posed to  conclude  that  no  certain  results  could  come  out  of  this  method  ;  that  no 
practical  data,  worthy  of  confidence,  as  to  the  amount  of  resistance  on  a  level, 
could  be  derived  from  observations  on  engines  and  trains  moving  down  inclined 
planes;  and  that,  if  positive  and  appreciable  weights  could  not  be  employed  to 
determine  the  tractive  force  at  various  velocities,  recourse  must  be  had  to  some 
other  measure  of  effect.  No  definite  experiments  had,  at  this  time,  been  made 
with  the  intent  to  separate  the  resistance  of  the  air,  from  the  frictions  of 
motion ;  nor  to  resolve  several  other  items  into  which  resistance  and  friction 
might  be  subdivided,  and  which  enter,  as  distinct  quantities,  into  the  compo- 
sition of  the  sum  of  the  resistance.  Further,  I  felt  disposed  to  doubt  the  prac- 
ticability of  performing  any  set  of  experiments  which  could  satisfactorily 
evaluate  the  ever  fluctuating,  and  inconstant  quantities  of  the  various  frictions, 
and  resistances,  to  which  a  locomotive  engine  is  subject,  fi"om  the  peculiar  cha- 
racter of  railway  traffic. 

These  opinions  stimulated  me  to  endeavour  to  discover  some  certain  cri- 
terion of  the  mechanical  effect  produced  by  a  locomotive  engine,  at  all  velocities ; 
some  criterion  which  would  apply  as  practically,  as  appropriately,  and  as  dis- 
tinctively to  locomotive,  as  rftt/y  to  pumping,  and  horse-power  to  rotative  engines ; 
and,  thereby,  enable  us  to  draw  a  rigorous  comparison  between  the  increments 
of  resistance,  and  the  increments  of  velocity.  If  the  work  of  a  locomotive  fur- 
nished a  measure  of  this  nature,  it  seemed  to  me  that  several  problems  of  great 
practical  consequence  might  be  solved ;  and  I  considered  it  of  far  less  import- 
ance to  be  able  to  distinguish  (were  it  possible)  the  precise  value  of  each 
particular  unit  of  resistance,  than  to  determine,  correctly,  the  relative  sura  of 
resistance,  and  the  relative  expenditure  of  power,  at  alt  velocities,  and  under  all 
circumstances. 

This  study  opened  to  me  a  glimpse  of  a  method  of  comparing  the  perform- 
ance of  railway  engines,  which  will  be  treated  of  in  a  separate  section. — To 
perfect,  and  prove  its  application  and  powers,  additional  experiments  to  those  of 
M.  de  Pambour  were  requisite;  and  it  was  necessary  to  await  the  gradual 
development  of  the  railway  system,  by  the  oi>ening  of  new  lines,  and  the  pub- 
lication of  experiments  on  locomotives  which  the  extended  use  of  them  wouldj 
doubtless,  occasion.     A  sufficient  number  of  these  has  accumulated,  and  I  shall 
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first  proceed  to  examine  their  results,  according  to  the  opinions  and  deductions 
of  their  authors,  in  the  order  of  tlie  dates  of  their  publicity.  They  consist  of 
the  labours  of  M.  de  Pambour,  Mr,  Robert  Stephenson,  Mr.  Nicholas  Wood, 
and  Dr.  Lardner. 

iLlTvT^^ut!  M.  de  Pambour's  celebrity  as  a  railway  analyst — the  adoption 
of  his  views  and  conclusions  by  a  large  class  of  persons — the  later  rejection  of 
them,  or  substitution  of  still  higher  values  of  resistance  by  another  class,  equally 
confident  in  the  sufficiency  of  their  experiments,  and  in  the  truthfulness  of  their 
deductions — demand  that  his  experiments  should  undergo  a  very  minute  and 
rigid  investigation.  It  is  the  more  lilting,  too,  that  I  should  examine  these  ex- 
periments with  the  utmost  care,  as  my  own  conclusions  (so  opposed  as  I  have 
already  explained  tliem  to  be  to  those  of  the  author)  are  based  u]>on  the  com- 
parison of  the  data  he  has  supplied,  with  the  ascertained,  indisputable  facts  re- 
garding the  effects  of  other  engines  exhibited  in  Table  VI.  For  this  purpose  it 
has  been  necessary  to  reduce  the  whole  of  his  data  to  terms  which  permit  the 
particular  and  comparative  values  of  tlie  power  and  effect  to  be  shewn,  when 
tested  by  similar  measures.  Tables  VIII.  IX.  X.,  in  which  these  results  are  clas- 
sified, contain  also  those  obtained  from  the  data  of  otlier  experimenters. 

Table  VIII.  exhibits  the  particuUirs  of  the  engines,  and  all  the  quantities  re» 
quired  for  ascertaining  the  duty  accomplished  at  the  resistance  assigned  to  the 
load  in  each  case,  which  is  separated  into  Uie  gross  and  useful  duty  obtained  by  the 
consumption  of  a  pound  of  water  as  steam,  and  a  pound  of  coke,  respectively.  A 
few  words  only  of  explanation  are  requisite  on  this  head. 

The  work  done  by  a  locomotive  engine  is  clearly  a  rfwjjy,  in  the  strict  sense 
of  the  term.  Whether  an  engu»e  be  considered  as  dragging  a  load  whose  resist* 
ance  is  8  lbs.  or  any  other  number  of  pounds,  per  ton ;  or,  whether  a  weight 
of  8  lbs.  for  each  ton  of  matter  moved,  descending  over  a  pulley  and  attached 
to  the  load,  be  considered  as  the  motive  force,  the  result  is  the  same ;  and  that 
resistance — which  is  the  real  load  on  the  engine — ^being  ascertained,  the  whole 
duty,  or  effect,  is  foiuid  by  multiplying  this  sum  by  the  distance  travelled  in 
feet ;  and  the  product  divided  by  the  number  of  pounds  weight  of  water  and 
coke  consumed,  respectively,  gives  the  expression  in  those  terms.  In  esti- 
mating duty,  the  friction  of  the  engine  is  disregarded  ;  its  amount  formed  a  sub* 
ject  of  distinct  investigation  by  M.  de  Pambour,  and  is  not  included  in  his 
estimate  of  the  resistance  at  8  lbs.  per  ton ;  nor  does  it  enter  into  the  duty  cal- 
culated for  the  other  engines  in  the  Table.     The  locomotive,  and  its  tender  are 
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here  considered  only  as  carriages,  and  their  resistance  forms  part  of  the  gross 
duty,  as  the  steam  overcomes  it  all ;  the  useful  duty  is  deduced  from  the  tractive 
force  required  by  the  useful  load,  or  weight  of  wagons  and  carriages,  without 
the  engine  and  tender. — Thus,  supposing  the  following  facts  to  be  accurately 
ascertjiined ;  viz., 

1.  The  tractive  force  per  ton  of  matter  in  motion ; 

2.  The  space  passed  over  in  feet ; 

S.  The  consumption  of  water  as  steam,  during  the  trip ; 

4.  The  consumption  of  coke ditto ; 

we  have  all  the  elements  given  to  find  the  duty,  gross,  or  usefiil,  performed  by 
the  steam,  and  coke.  One  example  of  the  computation  will  suiBce  for  all ;  vide 
Atlas,  Exp.  I. 

Resistance,  or  tractive  force,  1655.20  lbs.  x  155,760  feet  (in  29j  miles) 
=  257,81  S,9r)2  lbs.  raised  one  foot;  which,  -i-  8260  lbs.  water  consumed  as 
steam  =  31,212  pounds  raised  one  foot,  by  one  pound  of  water  as  steam. 

Table  IX.  contains  the  requisite  data  for  computing  the  pressure  against 
the  pbtons  deduced  from  the  sum  of  the  resistances,  first  calculated  on  the  as- 
sumed resistance  overcome  at  the  velocity  of  the  wheel,  in  each  experiment ; 
and,  also,  the  pressure  on  the  pistons  deduced  from  tlie  ratio  of  the  volumes  of 
steam  and  water  consumed.  So  far  as  this  table  relates  to  M.  de  Pamboui's 
experiments  on  the  resistance  overcome,  the  pressure  on  the  pistons  of  the  seve- 
ral engines  is  calculated  from  the  amount  of  the  special  frictions  and  resistances 
assigned  by  him.  He  observes,  in  the  work  referred  to,  page  239,  "  tJiat  all  (Jte 
power  applied  w  to  be  traced  in  the  effect  produced^  and  there  is  not  a  single  pound  of 
which  the  use  may  not  be  pointed  otU."  I  have  already  stated  that  the  author 
assumed  the  resistance  to  progressive  motion  to  be  a  constant  quantity  at  all 
velocities ;  and  that  an  important  item  of  resistance  to  the  effective  i)ower  of 
the  steam,  had  not  been  analysed  by  him,  viz.  the  pressure  against  the  piston, 
above  the  atmosphere,  from  the  blast. 

The  pressure  deduced  from  the  sura  of  the  resistances,  given  in  column  99,  for 
M.  de  Pambour's  experiments  I.  to  X.,  is  composed,  1st,  of  the  friction  of  the  engine 
without  load,  which  includes  the  resistance  opposed  to  it  as  a  carriage,  in  common 
with  the  train ;  2dly.  of  the  additional  friction  brought  upon  the  engine  by  the 
load ;  3dly,  of  the  resistance  of  the  load,  at  8  lbs.  per  ton.  According  to  the  au- 
thor, these  three  items  include  all  the  resistance  overcome  by  the  steam,  excepting 
that  occasioned  by  the  blast,  in  excess  above  the  pressure  of  the  atmosphere. 
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The  amount  of  the  latter  should,  therefore,  be  ascertainable  by  comparing  the 
whole  force  exerted  by  the  steam  on  the  piston,  with  the  force  assigned  as  re- 
quisite to  overcome  the  aforesaid  three,  out  of  the  four  component  parts  of  the 
total  resistance.  The  difference  between  these  pressures  should  represent  the 
precise  amount  of  the  counter  elasticity  of  the  steam  in  the  blast-pipe ;  and, 
thus,  if  the  data  were  correct,  "  all  the  power  would  be  traced  in  the  effect 
produced,  and  the  use  of  every  single  pound  of  steam  pressure  on  the  piston 
would  be  accounted  for."  To  find  the  value  of  this  latter  force  in  each  ex- 
periment, it  is,  therefore,  only  necessary  to  discover  the  total  pressure  which 
has  acted  on  the  pistons,  and  to  deduct  from  it  the  pressure  required  to  balance 
the  ascertained  resistances ;  and  it  is  evident  that  their  difference  would  be  the 
unknown  quantity — or  blast  pressure. 

To  arrive  at  this  result,  I  have  calculated,  for  each  case,  the  volumes  of 
water,  and  steam,  consumed  in  equal  times  ;  and  I  have  used  M.  de  Pambours 
own  table  for  finding  the  elasticities  corresponding  with  the  respective  ratios 
of  the  volume  of  steam  to  that  of  the  water*-  The  total  pressure  of  the  steani 
upon  the  pistons  ;  the  pressure  due  to  the  ascertained  resistances  ;  and  the  re- 
sulting difference,  are  accordingly  shewn  in  columns  29,  30,  and  31 ;  which, 
with  the  known  pressure  in  the  boiler,  will  be  found  usefiil  tests  of  the  accuracy, 
or  inaccuracy,  of  the  autlior*s  data.  The  application  of  the  same  tests  to  the 
other  experiments,  will  be  attended  with  equally  searching  effects,  as  to  their 
exactness.   (See  Table  at  the  eid  of  this  Paper.) 

In  order  that  no  question  may  arise  as  to  the  fidelity  of  the  sums  set  down 
in  column  29,  I  have  brought  out  from  M.  de  Pambour's  work,  and  given  at 
foot,  an  example  of  the  computation,  using  his  own  data  and  formultef. 

In  explanation  of  the  sums  assigned  to  the  volumes  of  water,  and  steam 


*  The  Theory  of  the  Steam  Engine  by  Le  Comte  de  Pambour,  page  76.  1839. 
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t  ATtAB.     Exp.  I.     Weight  of  engine     ll.i  152  friction  without  load. 


tender       £.5 
load       190.0 


195.5X8 


1 564  resistance  of  train. 
Iditional  frict 
owing  to  the  load. 


(additional    friction    of    engine 


Sum  of  resistance,  at  the  velocity  of  the  workingwheel  1911.5 

1911*5  lbs.  X  5'SS7  ratio  of  the  velocity  of  the  wheel  and  of  the  piston  =  11,853  lbs.  re- 
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consumed,  it  is  necessary  to  state  that  the  whole  quantity  of  water  evapo- 
rated (as  given  in  column  11)  is  reduced,  first  by  one-fourth,  in  conformity 
with  M.  de  Pambour's  own  instructions,  (pages  182  to  184,)  as  he  found 
that,  "  of  all  the  steam  generated,  a  quarter  was  lost  through  the  safety 
valves";  and  the  remainder  is  diminished  by  Ath,  being  the  proportion  of  in- 
eflective  steam,  or  the  quantity  wasted,  at  each  stroke,  by  filling  the  passages 
between  the  valves  and  cylinders. 

The  volume  of  effective  steam,  therefore,  (column  26,)  being  found  by  the 
multiplication  of  the  capacity  of  the  two  cylinders,  into  the  number  of  double 
strokes  of  the  piston  per  minute,  (columns  24  and  25,)  and  divided  by  the  volume 
of  water,  corrected  as  above,  (column  27,)  the  ratio  which  they  bear  to  each 
other  is  ascertained  (column  28) ;  and  the  pressures  corresponding  -with  these 
ratios  are  obtained  from  M.  de  Pambour's  Table  above  cited.  One  example 
will  serve  to  illustrate  the  process  of  computation  ;  Atlas,  Expt,  I. 

liatance  produced  on  the  piston  ;  which,  H-  2X6  area  of  the  two  pistons  in  inches  =:  49*77  lbs. 
resistance  on  each  square  inch  of  the  surface  of  the  pistons. 

The  following  is  the  computation  of  the  total  resistance,  and  pressure  on  the  pistons,  for 
each  caae,  from  the  respective  weights  of  eagine,  tender,  and  load,  according  to  the  above  rules. 
The  friction  of  each  engioc  was  determined  by  the  autJior  separately,  and  I  have  used  the  in- 
vidual  amount,  so  found,  in  preference  to  the  mean  of  all,  as  the  difference  between  them  is 
considerable* 
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4.1^5  cubic  feet,  the  volume  described  by  the  pistons  per  double  stroke, 
X  54.51  double  strokes  per  minute  =  228.12  cubic  feet  of  steam  consumed  per 
minute;  which,  *t-  0.517  cubic  feet  of  water,  evaporated  per  minute  =  441 
to  1,  or  ratio  of  the  volumes  of  steam,  and  water.  By  referring  to  the  table,  it 
is  found  that  64  lbs.  pressure  per  square  inch,  is  the  elastic  force  of  steam 
ascribed  to  this  ratio  ;  deducting  from  which  14.71  lbs.,  we  obtain  49.29  lbs.  as 
the  pressure  per  square  inch,  on  the  pistons,  above  the  atmosphere. 

Table  X.  contains  the  reduction  of  each  experiment  to  terms  of  horses 
power,  and  exhibits  imder  that  denomination,  1st,  the  absolute  power  resulting 
firom  the  steam  used ;  2dly,  that  required  to  overcome  the  assigned  resistance ; 
Sdly,  their  difference  ;  4th,  the  power  which  balances  the  gross,  and  useful  duty. 
The  consumption  of  water  as  steam,  and  of  coke,  per  hour,  and  per  horse  power, 
under  the  above  respective  heads  is  also  given ;  which,  with  the  assistance  of 
the  remarks  in  the  sequel,  will  enable  us  to  compare  the  expenditure  of  power, 
with  the  effects  produced  according  to  the  data  of  the  different  experimenters ; 
and,  finally,  to  test  the  acciuacy  of  these  data,  by  bringing  the  performance  of 
the  locomotive  engines,  for  equal  expenditure  of  power,  into  comparison  with 
other  engines  in  Table  VI.  The  horse-powers  have  been  computed  as  follows: 
example.  Atlas,  Experiment  I. 

For  columns  33  and  34  the  results  are  thus  found ;  viz.  for  column  S3 ; 

Preuure:  lt».p«  Ares  oT  the  Length  of  double  No.  of  double  iijiri-  .m-m. 

•quere  loch.  plitcmi :  tnchct.  stroke :  feet.  itiokn  per  mln.  nw^  power. 

/     226      X      2.66      X      54.51     \ 
49-29      X    ( 33^5^^^^^ ;   =     48.93 

and  in  like  manner,  for  column  34. 
For  the  gross  duty  (column  36) ; 

^"^oSrSJ"^  *°»««  >»»•  Ho«e.  power. 

257,813,952     -r     182,  and  again  by  33000     =     42.92 
and  in  like  manner  for  the  useful  duty  (column  37). 

Column  38  shews  the  difference  in  horses-power  between  the  whole  power  of 
the  steam,  and  that  required  to  overcome  the  resistances  and  frictions  assigned, 
in  Experiments  I.  to  XII. ;  and  this  difference,  according  to  the  data  of  the  expe- 
rimenters, is  the  power  consumed  in  blowing  the  fire. 

The  quantities  of  water  and  coke,  in  Table  X.,  are  the  whole  amounts 
actually  expended  by  each  engine,  excepting  when  hereafter  specially  men- 
tioned as  corrected  for  ascertained  waste ;  the  term,  "effective  horse-power," 
column  35,  will  be  explained  in  the  sequel. 
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These  tliree  Tables — the  columns  of  which  are  numbered  forward,  for 
more  convenient  reference,  as  if  composing  one  continuous  Table — thus  present 
several  modes  of  comparing  the  respective  results  of  the  experiments  with  each 
other,  and  with  those  of  other  classes  of  engine.  For  this  purpose,  the  horse- 
power deduced  from  the  gross  duty  will  be  preferable  to  the  duty  itself,  as  ve- 
locity is  involved  in  the  expression;  and  I  propose,  first,  to  apply  the  weight 
of  water  as  steam  expended  in  the  production  of  that  horse-power,  as  a  measure 
of  economical  effect,  and  as  a  test  of  the  accuracy  of  the  data  of  resistance  as- 
signed by  the  different  experimenters. 

It  is  necessary  to  premise  that  the  space  passed  over  by  the  engines,  in  all' 
the  experiments,  is  presumed  to  be  on  a  level  plane.  M.  de  Pambour  *  for  Ex- 
periments I.  to  X.,  has  adopted  two  measures  of  the  distance  travelled  by  his 
engines  on  the  Liverpool  and  Manchester  railway,  in  order  to  obtain  a  true 
comparison  between  them.  When  help  was  given  by  one  or  more  engines  in 
ascending  inclines,  he  considers  that  help  to  have  balanced  the  additional  resist- 
ance of  the  acclivities,  and  the  railway,  consequently,  to  have  been  a  dead  level 
for  the  whole  29j  miles  traversed ;  and,  when  help  was  not  given,  he  calcu- 
lates the  additional  resistance,  as  equivalent  to  5  miles  on  a  level.  In  those 
cases,  therefore,  in  which  the  train  was  unassisted,  the  space  passed  over  is 
called  34^  miles,  and,  when  assisted,  29^  miles.  Thus,  the  velocities  are 
calculated,  in  each  experiment,  from  the  distances  assigned  by  the  author, 
the  time  remaining  unchanged,  or  that  actually  occupied  by  the  trip.  This  is  a 
rude  method,  but  it  answers  the  purpose  for  relative  comparison,  and  it  is  the 
less  necessary  to  shew  its  erroneousness,  as  it  will  hereafter  appear  that,  in  a 
later  Work,  M.  de  Pambour  has  selected  for  investigation,  experiments  on  one 
of  the  engines  in  the  Table,  to  which  he  has  applied  a  new  velocity,  and  re- 
vised data  of  resistance. 

In  column  11,  the  entire  consumption  of  water  is  given,  and  from  it  the 
suras  are  derived  in  columns  39  and  41  to  45  ;  the  duty  and  the  power  are 
thus  estimated  by  the  whole  weight  of  water  as  steam  actually  expended  in 
each  instance ;  but,  the  author  informs  us,  (p.  184,)  that  we  must  deduct  ;ith 
for  waste,  as  only  |ths  of  the  water  evaporated  entered  the  cylinders,  as  steam. 
For  relative  comparison,  therefore,  the  sums  suffice,  but  they  must,  in  each  case, 
be  diminished  by  one  fourth  in  order  to  ascertain  the  effective  performance  of 
the  steam,  and  to  compare  it  with  the  engines  in  Table  VI.     The  effective 

*  Treatise  on  Locomotives,  pp.  923  to  di!5. 


STEAM-BOILERS  AND    STEAM-ENGINES.  87 

horse-power  in  the  latter  Table  excludes,  as  does  the  tractive,  or  gross  duty 
horse-power,  (column  36,)  all  consideration  of  the  friction  of  the  engines  un- 
loaded, or  loaded,  and  the  comparison  holds  good,  in  both,  for  the  expen- 
diture of  steam  to  produce  equal  effects,  with  the  correction  of  ^th  for  the 
locomotives. 

Taking  Experiments  I.  and  II.,  (column  44,)  we  find  that  according  to  M. 
de  Pambour,  47^  and  50|  lbs.  of  water  as  steam,  only,  have  been  consumed 
to  generate  a  horse's-power,  or  to  raise  33000  lbs.  one  foot  per  minute.  The 
first  result  is  perhaps  within  possibility  at  the  pressure,  but  the  second  is  im- 
possible with  a  pressure  of  29.79  lbs.  per  square  inch,  as,  at  that  pressure,  the 
expenditure  of  steam  by  the  common  non-condensing  engine  for  a  given  power 
exceeds  that  of  the  rotative  condensing  engine,  and  we  know  the  latter  to  con- 
sume 70  lbs.  of  water  as  steam  for  its  maximum  effect  (Experiment  V,,  Table 
VI.).  It  appears  also,  (column  31,)  that  a  vacuum  existed  on  the  opposite  side 
of  the  pistons  in  both  these  experiments ;  which  is,  also,  an  impossible  result : 
'we  must,  therefore,  conclude  either  that  the  resistance  of  8  lbs.  per  ton  assigned 
to  the  load  at  15  miles  per  horn-  is  considerably  too  high,  or  that  the  evapora- 
tive data  are  exceedingly  incorrect. 

Experiment  VIIL,  on  the  Leeds  engine,  satisfies  the  conditions  of  the  non- 
condensing  principle  in  the  consumption  of  steam,  at  the  pressure  of  13.66  lbs., 
(as  determined  by  Experiment  III.  in  Table  VI.,)  inasmuch  as,  at  the  velocity 
of  26.70  miles  per  hour,  the  gross  load  being  44.08  tons,  the  horse-power  re- 
quired 123  lbs.  of  water  as  steam  to  create  it  Thus,  at  that  velocity,  and  with 
that  load,  8  lbs.  per  ton  was  the  sum  of  the  entire  resistance  overcome  by  the 
steam»  exclusive  of  the  friction  of  the  loaded  engine.  But  the  whole  of  this  re- 
sistance must  not  be  confounded  with,  nor  considered  as,  tractive  force ;  it  in- 
cludes the  amoimt,  whatever  it  might  be,  required  to  overcome  the  surplus 
pressure  from  the  blast  above  the  atmosphere,  which  must  be  ascertained,  and 
deducted,  before  the  true  power,  and  the  true  consumption  of  water  as  steam, 
for  tractive  effort,  can  be  determined.  On  this  head  the  author  was  silent,  and 
as  before  shewn,  in  explaining  the  Tables,  I  have  endeavoured  to  discover  the 
intensity  of  the  blast-pressure,  by  ascertaining,  and  comparing  the  total  pressure 
of  the  steam  on  the  pistons,  with  that  arising  from  the  assumed  resistances. 

It  appears,  from  the  ratio  of  the  volumes  of  steam  and  water  consumed 
in  this  experiment,  that  the  total  pressure  on  the  pistons  was  25.62  lbs.  per 
square  inch,  of  which,  the  force  required  to  overcome  the  sum  of  the  resist- 
ances was  13.66 lbs.,  and  their  difference  11.96 lbs.  per  square  inch;  so  that 

N  2 


88 


MB.    PARKE8   ON 


tliis  difference,  or  blast-pressure  was  equal,  within  ^th,  to  the  whole  pressure 
required  by  the  friction  of  the  loaded  engine,  and  the  resistance  of  the  engine, 
tender,  and  train :  and  this  blast-pressure  reduced  to  power  (column  S8)  was 
27.41  horses,  whereas,  the  tractive  force,  from  the  datum  of  8  lbs.  per  ton, 
(column  36,)  amounted  only  to  25.11  horses-power. 

A  superficial  examination  would  thus  have  indicated  the  resistance  to  trac- 
tion of  8  lbs.  per  ton  as  correct,  under  the  conditions  of  this  experiment ;  but, 
such  a  conclusion  would  be  most  erroneous,  for  the  water,  as  steam,  has  not  only 
been  employed  to  do  the  duty,  but  to  blow  the  fire,  which  two  operations  have 
required  25.11  +97-41  =52.52  horses  power;  and  the  water  hourly  expended 
as  steam  3087-29  lbs. -f- 52.52  horses  power  =  58.78  lbs.  consumed  per  effective 
horse  power,  per  hour,  instead  of  123  lbs.  before  found. 

The  enquirer  will  naturally  ask  whence  proceeds  the  error,  for  some  great 
error  must  exist,  as  it  is  not  credible  that,  when  the  siun  of  the  active  resist- 
ances amounted  only  to  1 3.66  lbs.  pressure  per  square  inch  on  the  pistons,  the 
passive,  or  blast  resistance  should  nearly  equal  it  The  enigma  is  readily 
solved  by  comparing  these  results  with  Experiment  VII.  on  the  same  engine ; 
and  the  conclusion  is  inevitable  that  either  the  resistances,  or  the  consumption 
of  water,  or  both  of  these  data,  are  very  incorrectly  estimated,  for  we  find 
(column  31)  a  nearly  equal  blast-resistance  resulting  from  the  use  of  3.9.19  and 
25.62  lbs.  absolute  pressure  on  the  pistons,  respectively,  in  the  two  cases. 

The  V^esia,  Experiment  V.,  having  the  highest  velocity  in  the  Table,  viz. 
31.60  miles  per  hour,  is  represented  to  have  had  an  absolute  pressure  of  15.30  lbs, 
per  square  inch  on  the  pistons;  the  difference  between  that,  and  the  pressure 
deduced  from  the  resistance  being  only  0.62  lbs.,  which  represents  the  blast- 
pressure. 

The  absolute  pressure  on  the  pistons  corresponds  within  0.30  lbs.  with  that 
in  Experiment  III.,  Table  VL ;  but  the  water  consumed  as  steam,  (colunm  44,) 
diminished  by  ^th  for  waste,  is  only  101.55  lbs.  for  the  effective  load  per  horse- 
power per  hour  by  the  locomotive ;  whereas,  the  fixed  non-condensing  engine, 
without  a  blast,  required  120  lbs.  per  horse  power  per  hour. 

The  Vulcmi,  Experiment  VI.,  has  an  absolute  pressure  of  20.04  lbs.,  being 
the  same  as  the  non-condensing  engine,  Experiment  II.,  Table  VL  ;  and  its  con- 
sumption of  water  as  steam  is  only  90.86  lbs.  for  the  same  effect  which  required 
for  its  performance  by  the  latter  125  lbs.  The  former,  too,  had  a  counter  re- 
sistance against  its  piston  from  the  blast  equal  to  5.94  lbs.  per  square  incli, 
equal  in  power  (column  38)  to  11.38  horses,  whicli,  being  so  much  load  in 
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addition  to  the  duty  done,  at  8  lbs.  per  ton  tractive  effort,  brings  the  effective 
power  of  the  steain  in  the  Vnlcan  to  38.57  horses,  and  the  consumption  of 
water  per  horse  power  per  hour  to  70.40  lbs.,  or  equal  to  the  condensing  en- 
gine— an  impossible  result  at  the  pressure  assigned. 

The  errors,  therefore,  are  great  and  manifest.  Had  the  consumption  of 
water  as  steam  been  accurately  given  for  Experiment  VIII.,  the  conclusion 
would  have  been  indisputable,  that  8  lbs.  per  ton  was  the  whole  resistance 
overcome  by  the  steam  besides  the  proper  friction  of  the  loaded  engine;  but 
this  would  not  coincide  with  M.  de  Pambour's  determination  that  8  lbs.  per 
ton  was  the  tractive  effort  required  of  the  engine ;  for,  it  includes  the  resist- 
ance opposed  by  the  blast ;  so  that,  even  at  a  velocity  of  S6.07  miles  per 
hour,  the  resistance  to  progressive  motion  is  overrated  at  8  lbs.  per  ton.  Thus, 
it  is  palpable  that  no  reliance  can  be  placed^on  the  datum  of  water ;  and  it  is 
equally  evident  that  the  datum  of  resistance  is  very  inaccurate  ;  so  that  no- 
thing can  be  gathered  from  this  analysis,  but  that  the  author  has  signally  failed 
both  in  his  observations  of  the  steam  generated,  and  in  bis  estimations  of  the 
force  opposed  to  progressive  motion. 

Recurring  to  the  experiment  with  the  P^'utcan  at  26.90  miles  pw  hour,  I 
have  already  shewn  the  resistance  to  have  been  greatly  exaggerated,  the 
evaporation  greatly  underrated,  or  that  we  must  be  credulous  enough  to  be- 
lieve the  horse-power  to  have  been  generated  iu  the  locomotive  by  70.40  lbs. 
of  water  as  steain  per  hour,  using  the  same  pressure  which  requires  125  lbs. 
in  the  fixed  non-condensing  engine  to  produce  a  like  effect,  70  lbs.  being  the 
consumption  of  the  condensing  engine.  Results  equally  inconsistent  with 
the  capabilities  of  the  locomotive  are  perceptible  in  every  one  of  these  experi- 
ments. 

I  cannot  imagine  any  conclusion  to  be  safer,  or  more  irrefragable,  than 
that  a  condensing  engine  placed  on  wheels,  with  water  of  condensation  trans- 
ported for  its  supply,  and  made  to  drag  a  train  of  wagons,  or  coaches  along  a 
railway,  would  require  j>recisely  the  same  power,  in  water  as  steam,  to  pro- 
duce a  given  effect,  as  if  its  foundations  were  based  on  a  rot^k.  No  change  has 
taken  place  in  the  engine  by  rendering  it  locomotive ;  it  is  intrinsically,  and 
practically  the  same  machine ;  and  like  effects  would  necessarily  result  from 
a  like  expenditure  of  power,  whether  the  engine  were  at  rest,  or  in  motion: 
consequently,  the  effect  produced,  of  whatever  nature  it  may  be,  is  measurable 
by  the  expenditure  of  jx>wer.  By  parity  of  reasoning,  the  non-condensing  en- 
gine is  one  and  the  same  machine,  whether  fixed,  or  locomotive ;  excepting 
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that  the  latter  must  consume  more  power  than  the  former  to  do  equal  work,  at 
like  pressures,  by  the  amount  of  additional  resistance  arising  from  the  con- 
traction of  its  eduction  pipes,  in  order  to  produce  a  fierce  blast  of  steam  through 
the  chimney.  No  change  Lu  mechanical  structure  has  been  made,  but»  it  is 
reasonable  to  conclude  that,  from  its  shorter  stroke,  shorter  connecting  rod, 
and  greater  velocity  of  its  piston,  at  high  speeds,  the  locomotive  would  be 
subject  to  greater  friction  than  a  fixed  en^ne ;  which  would  necessarily  aug- 
ment its  consumption  of  power.  The  crank-shaft,  too,  through  which  the 
power  is  transferred,  is  liable  to  strains,  and  shocks,  from  which  the  same  part 
of  a  fired  engine  is  fi*ee;  hence,  another  disadvantage,  and  additional  waste  of 
power.  Thus,  the  fixed  non-condensing  engine  is  the  more  economical  of  the 
two ;  but.  if  M.  de  Pamhour's  data  are  correct,  we  must  abandon  all  precon- 
ceived opinions,  and  all  belief  in  the  accuracy  of  preascertained  results  on  the 
non-condensing  engine ;  we  must  reverse  our  engineering  creed,  and  acknow- 
ledge the  fixed  non-condensing  engine,  wnth  its  simple  atmospheric  resistance, 
to  be  far  inferior,  in  economy  of  steam,  to  the  locomotive,  with  its  plus  at- 
mospheric resistance. 

It  is  seen  that,  according  to  the  author,  the  Adas  in  the  two  first  experi- 
ments, consumed  47^  and  50j  lbs.  of  water  as  steam  (waste  deducted)  per 
horse-power  per  hour,  (column  44,)  which  gross  amounts  have  still  to  be  re- 
duced for  the  power  consumed  in  overcoming  the  blast  pressure.  We  shall 
now  see  results  more  surprising  than  the  foregoing,  for  it  appears  that  though 
the  resistance  required  49.77  lbs.  pressure  per  square  inch  on  the  pistons,  in  the 
one  case,  and  1^54  lbs.  in  the  other,  to  overcome  it,  there  existed  no  counter 
pressure  in  the  blast  pipe;  but,  on  the  contrary,  a  vacuum^  (column  31,)  amount- 
ing in  the  first  experiment  to  nearly  \  lb.,  and  in  the  second,  to  4:^  lbs.  per 
square  inch  ;  colmrm  38  shews,  consequently,  that  less  power  was  created  by 
the  steam,  in  these  two  experiments,  than  balanced  the  assigned  resistances, 
amounting  in  the  second  case  to  no  less  than  6.45  horses-power.  These  are 
the  results  flowing  from  the  comparison  of  the  absolute  pressure  and  power 
deduced  from  the  ratios  of  the  volumes  of  steam  to  water,  with  the  power  and 
pressure  deduced  from  the  respective  sums  of  resistance  assigned  by  the  au- 
thor. Hence,  we  are  called  upon  to  believe  the  authenticity  of  data  which, 
in  the  case  of  the  Atias^  Experiment  II.,  establish  a  resistance  e<:iual  to  a  pres- 
sure of  34  lbs.  per  square  inch,  with  a  vacuum  in  the  biajit  pipe;  and,  in  the 
case  of  the  Z/«'(/s,  Experiment  VI II.,  a  resistance  equal  to  13.6C  lbs.  on  the 
piston,  and  a  counter  prepare  «/'  11,96  l(^,  per  st/uare  inch  in  (he  blmt  pipe:  we 
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are  required  to  believe  that,  with  an  active  pressure  on  the  pistons  2^  times 
greater  in  the  one  case  than  the  other,  the  passive  pressure  against  the  pistons 
is  S^  times  less. 

Let  it  not  be  thought  that  these  cited  cases  are  exceptions  to  the  accuracy 
of  others. 

The  VestOi  Experiment  V.,  having  a  velocity  of  31.60  miles  per  hour,  ex- 
hibits a  blast  pressure  of  only  -j^ths  of  a  pound  per  square  inch ;  whilst  the 
Vulcan^  Experiment  VI.,  at  $6.90  miles  per  hour,  shews  5.94  lbs.  per  square 
inch  as  the  counter  resistance ;  and  this  lasit,  whose  velocity  is  the  same  as  the 
Leeds,  Experiment  VIII.,  appears  to  have  only  half  the  amount  of  blast  resist- 
ance to  surmoimt,  as  the  Leeds.  Similar  discrepances  appear  in  all  of  them. 
It  is  however,  preferable,  and  fairer  to  examine  the  authenticity  of  the  data  by 
results  on  the  same  en^ne.  Thus,  we  should  conclude,  from  Experiments  I.  and 
II.  on  the  AUas,  that  the  resistance  occasioned  by  the  blast  diminishes  with  the 
velocity,  and  with  the  active  pressure ;  whereas,  by  comparing  Experiments 
II.  and  III.  on  the  same  engine,  a  great  increase  in  blast  pressure  is  shewn  at 
the  higher  velocity.  In  the  Leeds  the  counter  resistance  is  the  same  at  two 
very  different  velocities,  and  two  very  different  active  pressures ;  in  the  Fury 
(the  experiments  on  which  engine  will  hereafter  be  shewn  to  be  very  anoma- 
lous) the  blast  pressure  diminishes  with  the  velocity  of  the  piston,  whilst  the 
active  pressure  increases  at  the  higher  velocity.  These  discrepances  arise  out 
of  extreme  inaccuracy  in  the  data  of  water,  and  resistance ;  and  possibly,  of 
velocity  also. 

A  few  more  remarks  on  this  subject  are  still  requisite  to  render  strict  justice 
to  the  author.  The  previous  comparisons  between  the  intensity  of  pressure  on 
the  pistons,  arising  from  the  data  of  water,  and  resistance,  result  from  a  close  ad- 
herence to  his  own  instructions  respecting  the  mean  allowance  for  waste  steam. 
This  mean  was  deduced  from  special  experiments  on  the  quantity  of  steam 
which  escaped  during  the  trips,  as  determined  by  the  degree  of  the  rising  of  the 
safety  valves,  in  each  instance ;  and,  though  I  attach  no  &ith  to  the  exactness 
of  the  approximations  to  waste  obtained  by  this  method,  and  adopted  by  the 
author,  still  it  may  be  urged  that  each  experiment  should  be  investigated,  after 
corrections  suited  to  its  own  particular  case. 

The  rising  of  the  valve*.  Experiment  I.  on  the^^,  indicated  a  loss  of  Jth 
of  the  steam,  so  that,  to  arrive  at  perfect  correctness,  we  must  deduct  that 
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quantity  instead  of  |th.  Using,  therefore,  this  correction  for  water  consumed, 
and  afterwards  Vffth  for  waste  steam,  the  ratio  of  steam  to  water  is  390  to  1, 
and  the  pressure  on  the  pistons  58.10  lbs.  per  square  inch,  which,  by  com- 
parison with  the  pressure  due  to  the  ascertained  sum  of  the  resistances,  would 
give  8.33  lbs.  per  square  inch  for  the  imascertained  amount,  or  blast  pressure. 
This  result  would  seem  to  indicate  an  approach  to  the  region  of  truth  and 
credibility ;  but,  unfortunately,  a  reference  to  column  32  destroys  the  hope  of 
so  easily  extricating  ourselves  from  this  labyrinth  of  error,  by  exhibiting  the 
fact  that  the  pressure  in  the  boiler  (about  which  1  should  think  there  could  be 
no  mistake)  was  only  53.7  lbs.,  so  that  the  pressure  on  the  pistons  could  not 
have  exceeded  it,  or  have  attained  58.10  lbs. !  Granting,  however,  for  an 
instant,  that  the  pressure  in  the  boiler  might  have  been  erroneously  observed, 
and  that  the  data  for  the  resistances  and  water  were,  possibly,  correct,  let  us 
see  how  the  latter  accord  \vith  the  results  of  other  engines.  The  gross  duty 
or  tractive  power  (column  36)  is  42.92  horses,  and  the  power  required  to 
overcome  the  blast  pressure  of  8.33  lbs.,  now  found,  would  amount  to  8.26 
horses;  so  that  the  eflective  power  of  the  steam  was  51.18  horses.  The 
water  consumed  per  hour  was  2703.07lbs.  — 453.84  lbs.,  for  ith  wasted, 
=  2269.23  lbs.  which  -e-  51.18  horses  =  44.33  lbs.  of  water  as  steam  consumed 
per  horse-power,  per  hour ;  so  that  the  AtlaSf  in  this  experiment,  did  equal 
work  with  the  non-condensing  engines  in  Table  VI.,  with  littie  more  than  one 
third,  and  equal  work  with  the  rotative  condensing-engines  with  little  more 
than  two  thirds  the  respective  expenditure  of  water,  as  steam,  by  those 
engines. 

I  wilt  take  one  more  example  from  the  Atlas,  viz.,  Experiment  II.,  (the  2d, 
also,  in  the  author's  Treatise  before  referred  to,  p.  75).  The  rising  of  the  valve 
indicated  an  actual  loss  of  iVth  only ;  deducting,  therefore,  this  quantity 
from  the  water,  instead  of  ith,  and  afterwards  *Vth,  the  ratio  of  the  volumes 
of  steam  and  water  comes  out  as  472  to  1,  and  shews  a  pressure  of  44.04  lbs. 
per  square  inch  on  the  pistons,  from  which  subtracting  34  lbs.  required  for 
resistance,  10.04  lbs.  would  be  left  for  blast  pressure.  Now,  the  gross  duty, 
or  tractive  power  is  (column  36)  44.65  horses,  and  the  blast  pressure  is  equiva- 
lent to  15.37  horses-power,  making  60.02  effective  horses-power.  The  whole 
water  consumed  per  hour  was  3018.81  lbs.  which,  diminished  by  iVth  = 
2943.34  lbs,  -r- 60.02  =  49.03  lbs.  as  the  consumption  of  water  as  steam  per 
effective  horse-power,  per  hour ;  which  is,  also,  an  impossible  result. 
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Tiave  thus  applied  tlie  author's  most  minute  corrections  to  his  experiments ; 
I  have  "  traced  the  use  of  every  pound  of  steam,  in  the  eflect  produced,*'  accord- 
ing to  his  own  data ;  and  the  result  is,  that  if  those  data  be  correct,  the  sooner 
we  substitute  non-condensing,  for  condensing  engines,  for  all  purposes,  the 
better ;  for,  it  seems  that  the  locomotive  has  a  faculty  of  producing  an  equal 
effect,  with  only  two-thirds  of  the  expenditure  of  power  required  by  the  con- 
densing engine. 

The  foregoing  investigation  of  M.  de  Pambour's  experiments  was  completed 
previous  to  the  appearance  of  his  "  New  Thcmnf  of  ike  Steam  K-ugine"  but  I 
have  since  computed  all  the  pressures  resulting  from  the  ratio  of  the  volumes  of 
steam  and  water,  by  the  elaborate  and  useful  Table  contained  in  this  last  ■wDrk, 
which  I  have  transferred  to  the  end  of  these  pages  as  necessary  for  reference. 
These  pressures  were  originally  deduced  from  a  less  am]>le,  and,  probably, 
less  accui-ate  table  in  the  same  author's  "  Treatise  on  LoamiotireSy**  page  204. 

M.  de  Pambour  has  seen  reason,  since  the  first  publication  of  his  exjxjri- 
ments,  to  modify  his  original  data  of  resistance,  by  assigning  relative  quan- 
tities due  to  friction,  and  to  the  air,  at  all  velocities.  He  has,  also,  supplied 
his  original  omission  of  blast  pressure,  by  assigning  a  value  for  it,  at  all 
velocities.  He  has,  tliereby,  enabled  me  to  examine  his  revised  opinions  as 
contained  in  his  "  New  Theory  of  the  Steam  Emjiw^ ;  and  it  will  presently 
be  seen  whether,  and  in  what  degree,  he  has  corrected  the  errors  pointed  out 
in  the  experiments  themselves,  or  in  his  deductions  from  them.  The  new,  or 
amendetl  data  adopted  by  the  author  are ; 

Ist.  That,  **  when  the  velocity  is  10  miles  per  hour  for  the  engine,  or  150 
feet  per  minute  for  the  piston,  the  ]>re6sure  arising  from  the  blast-pii)e 
is  1.73  lbs.  per  square  inch  on  the  surface  of  the  piston,  and  that  it 
varies  in  the  direct  ratio  of  the  velocity  of  the  motion."  (page  161). 
2d.  That,  **  the  resistance  of  the  air  against  a  train  of  mean  surface  is  33 
lbs.  at  the  velocity  of  10  miles  per  hour  for  the  engine;"  and  "  that  it 
increases  as  the  square  of  the  velocity."  (p«ge  1(J2). 
3d.  That,  '*  the  resistance  to  progressive  motion,  mdependent  of  the  air,  is 

7  lbs.  per  ton."     (page  35). 

Using  these  data,  the  author  has  adduced  two  of  his  previous  experiments 

on  the  Leed^  engine,  to  shew   the  superior  accuracy  of  hia   New  Theory, 

over  the  theories  of  other  writers  on  the  subject.     With  these  1  have  nothing 

to  do,   dealing,  as  m}^  object  professedly  is,  only  with  facts,   or  with    data 
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assumed  as  facts,  which  I  shall  proceed  to  quote  in  the  author's  own  words, 
referring  to  the  number  of  the  experiment  corresponding  with  them  in  Tables 
VIII.,  IX.,  X.  The  following  particulars  are  extracted  from  pages  34  to  41, 
"  Neto  Thmvy  of  the  Steam  Engine'' 

Experiment  XIII.  "  The  \ocomotA\e  Leeds,  which  has  two  cylinders  of  11 
inches  diameter  ;  stroke  of  the  piston,  1 6  inches ;  wheels,  5  feet ;  weight,  7.07 
tons  ;  drew  a  load  of  88.34  tons,  ascending  a  plane  inclined  raW.  at  a  velocity 
of  20.34  miles  per  hour,  the  effective  pressure  in  the  boiler  being  54  lbs.  per 
square  inch,  or  the  total  pressure  68-71  lbs.  per  square  inch." 

Experiment  XIV.  "  The  same  day,  the  same  engine  drew  a  load  of  38.52 
tons,  descending  a  plane  inclined  tibV?.  at  the  velocity  of  29.09  miles  per 
hour ;  the  pressure  in  the  boiler  being  precisely  the  same  as  in  the  preceding 
experiment,  and  the  regulator  opened  to  the  same  degree.  These  exj:)eriments 
are  given,  pp.  233,  234,  of  our  Treatise  on  Locomotives,     (1st  Edition.)" 

**  Now,  during  the  journey,  of  which  the  first  of  these  experiments  was  a 
part,  the  engine  evaporated  60.52  cubic  feet  of  water  per  hour ;  (Treatise  on 
Locomotives,  1st  edition,  p.  175;)  which,  after  a  deduction  of  i-th  for  the  loss 
of  steam  by  the  safety  valve,  measured  as  explained  in  Section  VII.,  and  of 
Vs-th  on  the  rest  for  the  filling  up  of  the  vacant  spaces  of  the  cylinder,  leaves 
an  effective  evaporation  of  .77  cubic  feet  of  water  per  minute."  The  same 
evaporation  is  applied  by  the  author  to  the  2d  experiment. 

He  then  proceeds  to  give  "  a  detailed  calculation  of  the  effects  produced  " 
in  the  two  cases,  which  I  shall  follow  verbatim,  separating  only  the  friction 
and  resistances  of  the  engine,  and  tender,  from  that  of  the  train,  with  the  view 
of  ultimately  exhibiting  the  power  usefully,  and  uselessly  expended  by  a  loco- 
motive. In  this  work  the  author  refers  for  an  explanation  of  his  present  use  of 
7  lbs.  per  ton  as  the  tractive  resistance,  and  of  his  method  of  ascertaining  the 
blast  pressure,  and  air  resistance,  at  different  velocities,  to  the  "  2d  edition 
of  his  Treatise  on  Locomotives;"  but  it  is  remarkable  that  this  2d  edition,  quoted 
by  him  as  a  necessary  reference,  has  not  yet  seen  the  light;  so  that  I  am  unable 
to  elucidate  these  points. 
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DETAILED  CALCULATION  OP  THE  EFFECTS. 

IsT  Case.     (Expiuxbht  XIII.) 

Totu.  Ibt.       Ibi. 

Renstance  of  the  train  (20  wagons)  8d.S4,  at  7lba.  per  ton 585 

Gravity  of  83.S4  tons,  on  plane  rising  -i_ +143 

726 

Renstance  of  the  air  against  the  train  at  the  velocity  of  the  motion 134 

UN. 

Friction  of  the  engine,  without  load 62 

916 
Additional  friction  for  a  resistance  equivalent  to =  131  tons 131 

7  ...  218 

Resistance  of  the  tender  5  tons,  at  Tibs,  per  ton 33 

Tom. 
Gravity  of  engine  and  tender  12.07  on  the  plane    +  21 

269 

For  pressure  caused  by   the  blast-pipe,  being  at    the  velocity  3.4  lbs.  per 

square  inch  on  the  piston 109 

Total  resistance  overcome  at  the  velocity  of  the  wheel  1238 

Ibi.  p«r  aq.  in,  hooM  powwi 

...  1238  X  5.9 - 190.06  =  38::^ and 38.M  X  ( 19006  x2.66  x1m  ^ „  „ 

V  33000  f 


2d  Case.     (Experiment  XIV.) 

ToH.  Ibi.        lb*. 

Resistance  of  the  train  (7  wagons)  33.52,  at  7  lbs.  per  ton  234 

Gravity  on  plane  descending  —  68 

1094 

166 

Resistance  of  the  air  against  the  train,  at  the  velocity  of  the  motion 282 

Ibi. 
Friction  of  the  engine,  without  load  82 

459 
Additional  friction  for  a  resistance  equivalent  to  — -=  66  tons    66 

148 

Resistance  of  the  tender,  5  tons,  at  71bs.  per  ton    Z6 

Ton..  183 

Gravity  of  engine  and  tender  12.07,  on  the  plane  -~  24 

159 

For  pressure  caused  by  the  blast-pipe,  being  at  the  velocity  5. libs,  per 

square  inch  on  the  piston 164 

Total  resistance  overcome  at  the  velocity  of  the  wheel 771 

lb*.  P^K|-  In*  boncf  powa. 

.-.771  X5.9-f-190.06=  23.93'.  and  23.93  X  Cl?2:?L?iM6iiM5:il)  =  59,50 

V  33000  / 
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These  data  are  elaborated  in  the  Tables  to  the  same  terms  as  the  other  ex- 
periments, but  with  certain  changes  of  value  arising  out  of  the  assigned  aliquot 
parts  of  the  total  resistance,  which  require  notice ;  and  this  is  the  more  neces- 
sary, because  the  accuracy  of  the  author  as  an  experimenter,  together  with  the 
practical  value  of  his  experiments  and  deductions,  are  to  be  judged  of  by  these 
new  data,  rather  than  by  the  foregoing  investigation  of  his  old  data  ;  inasmuch 
as  they  must  be  considered  to  be  his  conclusions  matured  by  four  years  of  re- 
flection, and  additional  experience.  By  the  subdivision  of  the  frictions  and 
resistances,  dutj/  can  he  properly  estimated — as,  also,  effectire  horse-poiarr — so  as 
to  bring  these  definitions  of  work  and  power,  to  a  truer  comparison  with  the 
same  definition  applied  to  other  engines.  I  must,  therefore,  shew  the  manner 
of  separating,  and  ascertaining  these  values,  as  respectively  set  down  in  the 
columns. 

I  consider  the  duty  of  a  locomotive  to  be  that  appreciable  effect  whicb  is 
performed  by  the  engine  independent  of  all  opposition  from  the  air  to  the  pro- 
gressive motion  of  a  train.  It  is  only  in  this  view  that  duty  strictly  corre- 
sponds with  its  received  definition  ;  for  the  practical  performance  of  a  pumping 
engine  estimated  by  the  duty  done,  or  weight  of  water  raised  one  foot,  by  a 
pound  of  steam,  omits  taking  into  account  the  friction  of  the  water  in  the 
pipes ;  the  duty  is  taken  on  the  weight  raised,  only.  The  weight  raised  by  s 
locomotive,  in  the  same  sense  of  duty,  is  that  which  is  necessary  to  communi- 
cate motion  to  the  train  ;  and  this  weight,  or  tractive  force,  is  now  assumed  by 
the  author  to  be  equal  to  7  lbs.  per  ton  of  matter  moved  on  a  level  plane,  and 
to  be  a  constant  quantity,  at  all  velocities.  In  the  cases  cited,  he  increases,  or 
diminishes  this  weight,  in  ascending  or  descending  inclines,  on  the  principle 
that  the  tractive  force  "  is  the  gravity  along  the  plane,  and  equal  to  the  mass 
that  is  to  be  moved,  divided  by  the  nimiber  that  marks  the  mclination  of  the 
plane."     (T^reatiseon  Locomotives^  p.  206). 

The  true  effkUve  power  of  the  steam  is  here  considered  to  be  that  expended 
in  overcoming  every  species  of  resistance,  excepting  the  friction  of  the  engine 
itself,  and  the  counter  pressure  of  the  blast.  It  is  not  in  every  case  that  this 
amount  can  be  arrived  at,  as  previously  shewn,  (page  51  of  this  paper,)  but 
according  to  the  data  before  us  it  is  determinable.  It  is  the  gross  duty  just  ex- 
plained, plus  the  resistance  of  the  air.  The  proportionate  values  of  these  several 
resistances  are  thus  found : 
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Ibt  Case.    (Experiuent  XIII.) 


Resistance  of  tram  and  tender  88.34,  at  7  lbs.  per  ton 618 

Gravity  of  95.41  tons  (engine,  tender,  and  train)  on  plane  rising ...  + 164 

Tractive  force    for  coroputine  ).,,.„,,,  „,„ 

,               ,                    *^       *  >  At  the  Telocity  of  the  wheel 782  =    8.19 

the  gross  duty ) 

Resistance  of  the  air,  at  20.34  miles  per  hour 134  =    1.41 

Tractive  force   for   computing  1   .      ,        ,     .        -  ,        .     ,  TT 

^     .                           '^       **>  At  the  velocity  of  the  wheel  916=    9.60 

effective  power ) 

Friction  of  loaded  engine 213  =    2.23 

Resistance  from  blaat-pipe  109  ^    1,14 

Total  resistance  at  the  velocity  of  the  wheel 1238  =  12.97 


2d  Case.     (Experiment  XIV.) 

Too*.  lb..      ^  )£t^*^ 

Resistance  of  train  and  tender  38.52,  at  7  lbs.  per  ton 270 

Gravity  of  45.59  tons  descending  plane  ^— ^ —93 

Tractive  force  for   computing)  .     ,         ,     .        -  ,       ,     ,  ,«_          ^  ^„ 

^       *^  >  At  the  velocity  of  the  wheel  177  =    3.88 

gross  .duty } 

Resistance  of  the  air  at  29*09  miles  per  hour 282  =    6.72 

Tractive  force  for  computing  1   .     ,         ,     .        -  ,       ,     .  """        ,     ~" 

^     .                           ^       *}•  At  the  velocity  of  the  wheel  459=10.60 

effective  power ) 

Friction  of  loaded  engine 148  =    3.24 

Resistance  from  blast-pipe 164  =    3.07 

Total  resistance  at  the  velocity  of  the  wheel 771        16.91 


Supposing  these  data  to  be  correct,  the  decomposition  of  the  component  parts 
of  the  total  resistance  enables  us  to  determine  the  amount  of  steam  power  con- 
sumed in  overcoming  each  item  of  resistance,  at  the  two  velocities  ;  and  I  have, 
accordingly,  worked  out  the  particulars  as  follows  : 
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Exp.  XIII.  Exr.  XIV. 

Telndtjr  MM  miW  p«r  lui.       Vckicltjr  »US  nfk*  p«  ho. 
H.  P.  H.  P. 

Kcsistance  of  the  train « S9.S5S  12.S10  Useful  effect. 

Ditto  oftbeair 7.1263  21.762 

Ditto  of  enffine  and  tender,  and  friction  of )     ,  ^  ,„^  ,    ^^ 

"  >     14.382  12.270 

the  engine ) 

Ditto  caused  by  the  blast  2.908  12.656 

Absolute  power  of  the  steam 67.108  59.498 

Eifectivc  ditto 49.654  35.422 

Inefiecttve  ditto  17.454  24.076 

Useful  power  of  the  engine  39.355  12.810 

Useless  ditto 27.753  46.688 

67.108  59.498 

The  useful  effect  is  the  useful  duty  arising  from  the  resistance  to  the  train 
only,  and  it  thus  appears  from  these  two  experiments  (always  premising  the 
data  to  be  correct)  that  at  a  velocity  of  29.09  miles  per  hour,  it  required  more 
than  three  times  as  much  power  to  realize  the  same  useful  effect,  as  at  20.34 
miles  per  hour ;  a  result,  of  which  we  shall,  hereafter,  see  great  reason  to 
doubt  the  truth. 

In  order  to  establish  a  true  comparison  between  these  new  results  and  the 
engines  in  Table  VI.,  column  16,  the  whole  water  must  be  divided  by  the  sum 
of  the  effective  power,  plus  the  additional  power  required  to  balance  the  blast 
resistance;  these  amount  for  the  1st  case  to  55^,  and  for  the  2d  case  to  -48 
horses,  which  gives  the  water  consumed  respectively  per  horse,  per  hour,  as 
544  and  63  lbs.  In  all  the  columns  the  water  has  been  diminished  by  iih.  for 
waste  according  to  the  author's  instructions.  Thus,  it  is  evident  that  the  original 
error  of  far  too  high  an  estimate  of  resistance  still  clings  to  the  data  as  amended, 
for  it  is  utterly  impossible  that  the  locomotive  should  accomplish  an  equal 
effect,  with  i-th  less  steam  than  the  condensing-engine.  To  go  over  this  ground 
again,  would  bo  a  mere  repetition  of  arguments  previously  used. 

It  is  also  demonstrable  thati  on  the  supposition  of  the  data  being  cor- 
rect for  the  first,  they  are  incorrect  for  the  second  experiment ;  for  the  author 
has  left  nothing  to  be  guessed  at ;  no  unknown  quantities  have  to  be  found 
from  known  ones ;  he  has  assigned  the  particular  values  of  every  component 
portion,  as  well  as  the  sum  total  of  the  resistances  to  be  overcome.  He  has, 
also,  infonned  us  that  in  the  two  experiments  "  the  pressure  in  the  boiler  was 
precisely  the  same,  and  the  regulator  opened  to  the  same  degree."     The  power 
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applied  in  the  two  eases  was,  consequently,  precisely  equal,  and  equal  weights 
of  water  as  steajn  passed  through  the  cylinders  in  equal  times  ;  whence,  it 
results  that  the  effects  should  have  been  similar.  The  expenditure  of  power 
was,  however,  greater  by  more  than  a  third  in  the  second  than  in  the  first 
case,  to  produce  like  effects,  for  we  see  that  the  effective  horse-power  required 
85.43  lbs.  of  water  as  steam  in  the  second,  and  only  60.94  lbs.  in  the  first. 
Either,  then,  the  sum  of  the  resistances  overcome  must  have  been  greater  by 
one  third,  than  the  author's  estimate,  in  the  2d  experiment,  or  it  was  too  small 
in  the  1st,  or  he  has  erred  in  applying  the  same  measure  of  water  to  both. 

It  is  very  remarkable  that  sucli  an  enonnous  discrepancy  should  have 
escaped  M.  de  Pambour's  notice.  In  his  TreoHse  on  Locomofkes,  pp.  310  to 
313,  he  states  a  near  parallel  to  these  two  experiments  by  supposing  a  case  of 
"  the  same  engine,  with  the  same  pressure  in  the  boiler,  travelling  the  same 
distance  with  two  different  loads.  The  distance  travelled  being  the  same,  the 
number  of  turns  of  the  wheel,  and  consequently  of  strokes  of  the  piston,  or 
cylinders  of  steam  expended  will  be  the  same  in  the  two  cases;" — he  proceeds, 
"  the  mass,  or  weight  of  steam  expended,  will  be  in  each  case  in  the  ratio  of 
the  pressure  in  the  cylinder.  The  weight  of  the  steam  being  equal  to  that  of 
the  water  that  generated  it,  the  weights  of  water  evaporated  will  then  be  to 
each  other  as  the  pressures  in  the  cylinder,  or,  in  other  words,  as  the  resistances 
on  the  piston."  In  the  " New  Theory  of  the  Steam  Engine"  the  author  has 
dwelt  at  great  length,  and  occupied  many  pages,  to  prove  this  indisputable,  and, 
so  far  as  I  know,  never  disputed  fact ;  viz.  that  the  steam,  in  every  engine, 
necessarily  assumes  in  the  cylinder,  the  pressure  due  to  the  resistance  it  has  to 
overcome;  or,  to  use  his  own  phrase,  that  the  pressure  of  the  steam,  and  the 
resistance  " equilibrate*'  Now,  the  author  has  given  us  the  resistances  on  the 
piston,  which  amount  in  the  Ist  case  to  38.43  lbs.,  and  in  the  2d,  to  23.93  lbs. 
per  square  inch  ;  and  yet  be  assumes  an  equal  expenditure  of  water  as  steam, 
in  equal  times,  in  the  two  cases,  and  applies  it  (Chap.  I.  pp.  43,  44,  New  Theory 
of  the  Steam  Kngine)  to  demonstrate  the  truth  of  his  own  theory,  and  the  in- 
accuracy of  other  theories.  To  be  consistent,  however,  with  his  own  rule, 
above  quoted,  viz.  that  "  the  weights  of  water  consumed  as  steam  are  to  each 
other  as  the  resistances  against  the  piston,*'  it  is  obvious  that  if,  in  the  1st  case, 
3026  lbs,  of  steam  passed  through  the  cylinders  in  an  hour,  2166  lbs.  only  would 
have  been  expended  in  the  2d  case. 

The  expenditure  of  water  as  steam  would  have  been  equal,  in  equal  times, 
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or  alike  in  both  these  cases,  had  the  resistances  been  alike;  but  it  is  evident  that 
the  fonnulffi  applied  to  the  estimation  of  the  latter,  are  insufficient  for  the  solu- 
tion of  the  problem,  for  if,  as  asserted,  "  the  pressure  in  the  boiler  were  precisely 
the  same,  and  the  regulator  open  to  the  same  degree,"  in  the  second,  as  in  the 
first  experiment,  equal  power  must  have  been  generated  and  expended  in  the 
same  time  ;  though,  at  the  higher  velocity,  the  lighter  load  was  moved  tlirough 
a  greater  space  in  that  time. 

Had  M.  de  Pambour  reduced  his  data  to  the  terms  of  value  in  these  Tables, 
he  must  inevitably  have  discovered  the  numerous  errors  of  fact,  and  deduction, 
which  are  now  brought  to  light ;  had  he  worked  out  the  arithmetical  compu- 
tations of  which  his  formulte  are  merely  symbolical,  and  compared  their  results 
with  the  [performance  of  the  Albion  Mills  engine  alone  (which  he  has  analysed 
in  his  •*  New  Tfieory'')^  he  would  have  seen  reason  to  doubt  the  accuracy  of 
his  experiments. 

I  have  already  commented  upon  the  nice  and  numerous  precautions  requi- 
site  to  give  accuracy  to  the  method  of  finding  the  pressure  on  the  piston  fi-ora 
the  ratio  of  the  volume  of  steam  consumed  to  that  of  the  water  which  produced 
it.  I  am  disposed  to  believe  this  test  to  be  as  perfect  as  it  is  beautiful ;  I  en- 
tirely agree  with  the  author  in  his  estimation  of  its  practical  value ;  but  I  will 
now  adduce  a  most  remarkable  instance  of  its  coincidence  with  error  of  resist- 
ance, as  well  as  an  instance  of  its  utility  in  detecting  error. 

By  referring  to  columns  29  and  30,  Experiment  XIII., — the  first  of  the  two 
cases  under  review — it  is  seen  that  the  pressures  on  tlie  piston  deduced  by  the 
method  of  the  volume,  and  from  the  sum  of  the  assigned  resistances  are  iden- 
tical ;  yet  we  know  one  or  both  of  these  data  to  be  incorrect,  and  greatly  so, 
since  an  equal  power  is  exhibited  as  having  been  produced  by  ith  smaller 
consumption  of  steam  than  the  best  s]>ecimen  of  the  condensing  engine,  and  by 
only  one  I)alf  the  necessary  expenditure  of  the  fixed  non-condensing  engine. 
Had  we,  therefore,  no  other  means  of  ascertaining  the  accuracy  of  an  as- 
signed expenditure  of  power  than  that  afforded  by  the  comparison  of  the 
volumes  of  steam  and  water,  the  volume  test  would,  in  this  case,  have  con- 
firmed a  great  error  in  the  datum  of  resistance,  for  the  errors  of  water,  and  the 
errors  of  resistance  coincide. 

By  referring  to  the  same  columns,  Experiment  XI Vi,  we  find  the  pressure 
per  volume  insufficient  to  balance  the  resistance,  and  that  the  whole  power, 
indicated  by  the  volume  test,  falls  short  of  the  requ'ued  amount,  by  nearly  6 
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horses  power.  Supposing  the  resistances  assigned  to  have  been  correct,  the 
ratio  of  the  volume  of  steam  to  that  of  the  water  consumed,  should,  in  this  case 
have  been  700,  instead  of  741  to  1,  and  .81  cubic  foot  of  water  must  have 
passed  through  the  cylinders  in  the  shape  of  steam,  -  per  minute,  instead  of  .77 
cubic  foot,  to  have  impressed  upon  the  pistons  a  force  of  23.98  lbs.  per  square  inch, 
which  is  the  pressure  deduced  from  the  resistance. — But,  we  have  already  seen 
that,  if  the  quantity  of  water  were  correctly  taken  in  the  1st  case  a  less  quantity 
must  have  been  consumed  in  the  2d,  as  the  load  upon  the  pistons  of  the  en- 
gines in  the  two  experiments  deduced  from  their  velocity  and  assigned  resist- 
ances, differed  in  the  ratio  of  38.43  to  23.93 ;  and  the  water  as  steam  con- 
sumed in  equal  times  must  necessarily  have  varied  in  the  same  ratio,  or  as 
3026  lbs.  to  2166  lbs.  The  pressure,  therefore,  deduced  from  the  corrected 
datum  of  2166  lbs.  for  the  2d  case,  after  deducting  Ath  for  waste,  should  ac- 
curately balance  the  resistance ;  but  dividing  2063  lbs.  (the  sum  last  found)  by 
60  minutes,  the  duration  of  both  experiments,  0.55  cubic  foot  is  the  consumption 
of  water  per  minute,  and  1037  the  ratio  of  the  volumes  of  steam  and  water ; 
whence,  from  the  author's  Table,  the  pressure  per  square  inch  on  the  pistons 
would  be  24.81 —14.71  =  10.10lbs.  only;  whereas,  the  resistance  required 
23.93  lbs.  pressure  per  square  inch  to  balance  it. 

The  author  might  object  to  the  comparison  of  steam  consumed  by  the  ef- 
fective power,  and  consider  the  proof  of  accuracy  to  be  more  justly  dependent 
on  the  relative  consumption  of  steam  by  the  absolute  power  of  each  engine. 

The  absolute  power  in  the  two  cases,  is  as  67.24  to  53.55  (column  33,)  and 
the  expenditure  of  water  as  steam  by  this  ratio  should  have  been  as  3026  to 
2409  lbs. ;  and  the  latter  corrected  for  waste,  would  give  935  to  1  as  the  rela- 
tive volumes  of  steam  and  water  =  28.20  —  14.71  =  13.49  lbs.  per  square  inch 
on  the  pistons,  whilst  the  resistance  was  23.93  lbs.! 

It  would  be  fruitless  to  pursue  this  analysis  further,  and  vain  to  attempt  the 
rectification  of  errors — a  task  which  properly  belongs  to  the  author.  It  is 
manifest  that,  in  both  these  cases,  as  well  as  in  the  former  series,  resistances 
have  been  assigned  which  the  force  of  the  steam  employed  was  insufficient  to 
overcome ;  it  is  manifest  that  the  sum  of  the  resistances  at  the  different  velo- 
cities—  whether  arising  from  erroneous  estimations  of  the  friction  of  motion, 
friction  of  the  engine  loaded,  and  unloaded,  resistance  of  the  air,  or  pressure 
occasioned  by  the  blast — is  purely  hypothetical,  and  has  no  foundation  in  fact; 
and,  it  is  manifest  that  the  evaporative  data  are  extremely  fallacious. 

VOL.  III. PART  II.  P 
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To  arrive  at  synthetical  results  was  the  chief  object  of  M.  de  Pambotir'a 
analytical  labours  ;  for,  the  intrinsic  value  of  his  labours  depends  on  the  accord- 
ance established  between  the  theoretical  and  practical  performance  of  the  loco- 
motive engine  at  various  velocities,  and  with  various  loads ;  it  is,  therefore,  not 
a  little  singular  that  this  ingenious  and  truth-seeking  experimenter  should  have 
omitted  to  bring  the  whole  series  of  his  experiments  into  juxta-position,  and 
have  compared  his  estimation  of  resistance  with  the  expenditure  of  steam,  as 
in  Tables  VIII.,  IX.,  X.  He  would  then  have  discovered  the  little  reliance  to 
be  placed  on  quantities  deduced  from  mere  theory,  and  have  perceived  the 
necessity  of  obtaining  evaporative  data  from  much  more  careful,  and  satis- 
factory observations. 

ium^'^s^SpJImdm.  The  particulars  of  Experiments  XI.  and  XII.  are  extracted 
from  a  separate  publication  of  Mr.  Robert  Stephenson's  elaborate  article  on 
the  locomotive  engine,  contributed  by  him  to  Tredgold's  work  on  the  Steain 
Engine,  second  edition  *, 

•  "  The  power  of  a  locomotive  engine  cannot  readily  be  estimated  in  the  same  manner  as  that 
of  other  engines,  by  taking  tlic  actual  force  upon  the  piston,  and  the  velocity  of  its  motion ;  far 
it  is  very  difficult  to  ascertain  the  effective  pressure  of  the  steam  upon  the  piston,  in  consequence 
of  its  differing  often  very  considerably  fronn  that  of  the  steam  in  the  boiler,  and  because  of  the 
large  amount  of  the  resistance  of  the  waste  steam,  owing  to  the  great  velocity  with  which  the 
piston  moves.  The  power  is  also  diflerent  at  different  velocities,  as  these  circumstances  vary 
with  the  velocity.  The  only  correct  means,  therefore,  of  ascertaining  the  power  of  a  locomotive, 
is  by  deducing  it  from  the  work  which  it  is  capable  of  performing. 

"  This  engine  has  drawn  a  load  up  an  inclined  plane  that  was  equivalent  to  SSO  tons  gross 
weight  upon  a  level, (including  engine  and  tender,)  at  a  velocity  of  14  miles  an  hour;  which 
appeared  to  be  about  the  extent  of  the  power  of  the  engine  with  the  steam  at  the  usual  pressure 
of  50  lbs.  on  the  square  inch,  in  the  boiler.  The  force  required  to  perform  this,  is  about 
2,050  lbs.  moving  at  that  velocity ;  which  is  equal  to  77  horse-power.  The  effective  pressure 
on  the  piston,  or  the  actual  force  with  which  it  was  propelled,  must  therefore  have  been  ^7\  lbs. 
[>er  square  inch,  instead  of  50  lbs.,  which  was  the  pressure  of  the  steam  in  the  boiler  ;  the  differ- 
ence being  the  power  that  was  lost  by  the  resistance  of  the  waste  steam,  and  by  the  diminutioa 
of  the  pressure  of  the  steam,  in  consequence  of  the  throttling  or  wire  drawing  that  takes  place 
in  passing  through  the  ports  of  the  cylinders,  and  which  was  in  this  instance  very  inconsiderable. 

"  The  horse-power  of  an  engine  is  less  when  drawing  a  lighter  load  at  a  greater  velocity,  as 
the  loss  of  power  from  the  throttling  and  (he  waste  steam  is  then  increased ;  and  it  would  cease 
altogether  at  a  certain  speed,  varying  according  to  the  proportions  of  the  engine,  when  the  velocity 
of  the  piston  became  as  great  as  tliat  with  which  the  steam  can  enter  into  the  cylinder,  or  the 
waste  steam  escape.  This  engine  has  drawn  40  tons  at  35  miles  an  hour,  which  is  equivalent 
to  40  horse-power  ;  in  which  cose  tlic  effective  pressure  on  the  piston  must  have  been  only  10  lbs. 
OD  the  square  inch,  or  but  one-fifUi  of  that  of  the  steam  in  the  boiler.     This  shews  the  great  loss 
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The  author  has  adopted  M.  de  Pambour*s  original  datum  of  resistan(^,  viz. 
8  lbs.  per  ton,  for  calculating  the  power  of  this  engine  at  the  two  velocities  cited. 
The  &llac7  of  that  estimate  having  already  been  demonstrated,  it  is  unneces- 
sary to  submit  these  results  to  the  same  minute  investigation,  as  in  the  pre- 
vious instances ;  yet  a  few  remarks  are  requisite  to  point  out  some  remark- 
able discrepances  between  the  power  represented  to  be  employed,  and  its 
estimated  effect,  in  the  two  experiments. 

It  cannot  be  said  that  Mr.  Stephenson  has  not  reduced  the  data  of  resistance 
and  velocity  to  terms  of  power,  for  he  has  discovered  and  stated  that  this  loco- 
motive, "  when  working  with  a  full  load,  consumes  a  cubic  foot  of  water  as 
steam  per  hour  for  each  horse-power,"  which,  he  observes,   "  is  also  the  usual 

of  power  in  working  the  engine  so  quickly ;  the  loss  at  14  miles  an  hour  having  been  very  little. 
The  loss  of  power  is  lessened  by  making  the  wheels  larger,  the  velocity  of  the  piston  being  by  that 
means  diminished ;  and  they  are  consequently  made  as  large  as  is  practicable. 

*'  The  power  of  a  locomotive  engine  is  limited  only  by  the  evaporating  power  of  the  boiler, 
or  the  number  of  cylinders  full  of  steam  that  can  be  supplied  in  a  given  time,  by  which  the  velo- 
city of  the  piston  is  determined ;  while  in  other  steam  engines  the  sixe  of  the  cylinder  is  the 
limit  to  the  power,  as  a  sufficient  quantity  of  steam  to  supply  them  can  be  readily  obtained  by 
increasing  the  size  or  number  of  the  boilers^  which  cannot  be  done  in  a  locomotive.  This  engine 
is  capable  of  evaporating  77  cubic  feet  of  water  per  hour,  or  eight  gallons  in  a  minute  ;  and  the 
large  amount  of  this  power  causes  its  great  superiority  to  the  old  locomotives,  which  could  eva- 
porate only  about  16  cubic  feet  per  hour. 

"  The  consumption  of  fuel  per  mile  for  every  ton  of  the  gross  load  is  about  a  quarter  of  a 
pound,  and  that  of  the  water  is  rather  less  than  a  quarter  of  a  gallon ;  the  consumption  increasing  to 
nearly  one  half,  according  as  the  engine  is  less  fully  loaded,  being  proportionally  greater  with  a 
light  load ;  the  consumption  of  water  when  working  with  a  full  load,  is  a  cubic  foot  per  hour  for 
each  horse-power,  which  is  also  the  usual  proportion  in  stationary  ei^nes  although  they  con- 
■deose  the  steam.  About  8  lbs.  of  fuel  is  required  to  evaporate  a  cubic  foot  of  water,  being 
nearly  the  same  as  in  stationary  engines ;  but  in  the  old  locomotives  as  much  as  IS  lbs.  was  re- 
quired, in  consequence  of  their  having  so  small  a  heating  surface,  which  was  only  about  two  and 
a  half  square  feet  for  each  foot  of  water  evaporated  per  hour ;  the  proportion  in  the  present  one 
being  five  and  a  half  square  feet,  and  in  stationary  engines  as  much  as  eight. 

*'  The  great  perfection  of  the  present  locomotives,  and  their  superiority  to  the  old  ones,  is 
caused  not  so  much  by  the  application  of  new  inventions  to  them,  as  by  the  combination  of  many 
former  ones,  and  the  uniting  together  several  plans  which,  separately,  would  be  but  of  small 
value.  Their  great  power  and  velocity,  for  example,  could  not  have  been  obtained  without  the 
rapid  means  of  generating  steam  afforded  by  the  use  of  the  tubes ;  and  the  tubes  would  have 
been  useless,  without  the  powerful  draught  produced  by  the  blast,  which  increases  in  intensity 
with  the  velocity,  and  with  the  necessity  for  its  increased  action." — {Description  of  the  Patent 
Locomotive  Steam  Engine^  by  Messrs,  Robert  Stephenson  and  Co.^  pages  66  and  67.) 
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proportion  in  stationary  engines,  although  they  condense  their  steam."  He  has 
also,  advanced  another  still  more  extraordinary  proposition,  viz.  that,  with  a 
lighter  load,  the  same  en^ne  consumes  nearly  half  as  much  more  water  as  steam 
to  produce  an  equal  mechanical  effect,  as  when  fully  loaded.  These  are  para- 
doxes naturally  resulting  from  the  adoption  of  M.  de  Pambour's  too  high  esti- 
mate of  tractive  force,  and  from  considering  the  tractive  force,  ^wr  ton  of  matter 
moved,  to  be  a  constant  quantity  at  all  velocities.  It  is  certainly  singular  that, 
with  so  clear  a  perception  of  the  conclusions  necessarily  flowing  from  these  data, 
and  exhibited  by  his  own  computations,  Mr.  Stephenson  should  not  have  hesitated 
in  adopting  them ;  for,  even  if  the  locomotive  were  a  condensing  engine,  it 
is  evident  that  its  efiective  power  must  undergo  diminution  by  the  amount 
requisite  to  move  itself  and  its  tender,  a  force  which,  even  at  the  lowest 
velocity,  is  far  from  being  inconsiderable.  It  is  equally  evident  that  a  stationary 
non-condensing  engine  consumes  more  steam,  for  equal  effect,  than  a  stationary 
condensing  engine ;  and  that  the  locomotive,  compared  with  the  former,  has 
not  only  to  expend  steam  to  move  itself,  and  its  tender,  but,  also,  to  overcome 
the  resistance  caused  by  the  blast. 

The  author  has  given  an  excellent  commentary  on  this  obvious  fact,  for  he 
states,  in  the  third  paragraph  quoted,  that  "the  horse-power  of  the  en^ne 
would  cease  altogether  at  a  certain  speed."  The  meaning  of  that  sentence  is 
not  very  obvious,  but  I  imagine  it  to  be  the  author's  intention  to  convey  to 
his  readers,  that  there  is  a  velocity  at  which  the  whole  power  of  the  steam 
would  be  absorbed  in  moving  the  locomotive  itself,  and  its  tender ;  conse- 
ipiently,  that  the  engine  could  drag  no  load  at  that  velocity,  with  the  iden- 
tical quantity  and  pressure  of  steam  then  applied.  There  is,  doubtless,  a 
velocity  at  which  the  useful  power  of  the  engine,  commercially  speaking,  ceases; 
nevertheless,  the  effective  power  of  the  stmm  is  the  same  at  all  velocities  of  the 
engine,  under  all  loads,  for  an  ecjual  consumption  of  water  as  steam  ;  and,  it 
will  hereafter  be  shewn  that  an  equal  mechanical  effect  results,  at  all  velocities, 
from  an  equal  expenditure  of  power  in  the  locomotive,  as  in  all  other  engines. 

In  the  fourth  paragraph  the  author  observes  that  *'  the  power  of  a  locomo- 
tive engine  is  limited  only  by  the  evaporative  power  of  the  boiler,"  &c.  This 
definition  is  clearly  imperfect,  for  no  power  of  steam  could  impart  progressive 
motion  to  the  engine,  if  loaded  beyond  the  force  of  its  adhesion  to  the  rails ; 
that  force  is,  therefore,  the  dynamic  limit ;  the  supply  of  steam  is  a  mere  prac- 
tical condition  of  the  boiler. 
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These  two  experiments  supply  additional  means  for  disproving  the  accuracy 
of  M.  de  Pambour's  data ;  they  likewise  furnish  powerful  incentives  to  ex- 
perimenters to  be  vigilant  in  obtaining  precise  observations  of  evaporative  facts, 
for  they  contain  within  themselves,  abundant  proofs  of  error  in  the  quantities 
assigned  to  the  consumption  of  water  as  steam. 

Experiment  XL  The  sum  of  the  resistances  distributed  over  the  pistons 
(column  29)  is  47.54  lbs.  per  square  inch,  being  the  same  as  calculated  by  Mr. 
Stephenson  from  M.  de  Pambour's  data ;  the  pressure  in  the  boiler  is  stated  at 
50  lbs.,  "  the  difference  (or  2^  lbs.)  being,"  according  to  the  author,  "  the  power 
that  was  lost  by  the  resistance  of  the  waste  steam,  &c.,  &c. — which  was  in  this 
case  very  inconsiderable."  This  method  of  finding  the  blast  pressure  does  not 
su£Bce,  for  the  pressure  in  the  boiler  is  totally  irrespective  of  the  force  on  the 
pistons ;  the  resistance  caused  by  the  blast  is  the  difference  between  the  abso- 
lute pressure  of  the  steam  in  the  cylinders,  and  that  required  to  balance  the 
sum  of  the  ascertained  resistances.  The  blast  resistance  is  the  unascertained 
portion  of  the  total  resistance  opposed  to  the  steam,  and  is  discoverable  when 
the  absolute  force  exerted  by  the  steam  on  the  pistons  is  known.  Now,  if  the 
evaporative  data  are  correct,  it  would  appear  by  the  ratio  which  the  volume 
of  steam  consumed  bears  to  that  of  the  water  which  produced  it  (-^^  th  being  de- 
ducted for  waste)  that  the  absolute  pressure  upon  the  pistons  in  this  case 
amounted  to  81.95  lbs.  per  square  inch;  but  there  was  only  50  lbs.  in  the 
boiler  !  If,  therefore,  77  cubic  feet  of  water  passed  through  the  cylinders  in  an 
hour,  in  the  shape  o^pure  steam,  the  blast  pressure,  or  counter  effort  above  the 
atmosphere,  was  34.41  lbs.,  instead  of  2^  lbs.,  per  square  inch  on  the  pistons. 

The  author  has  given  no  instructions  for  diminishing  the  consumption  of 
water  as  steam,  for  any  issue  through  the  safety  valve,  priming,  or  other  waste; 
and  if  none  of  the  steam  were  wasted,  it  must  have  exerted  the  above  force  on 
the  pistons  ;  but,  perceiving  an  error,  I  applied  M.  de  Pambour's  correction  of 
^th  in  computing  the  pressure  per  volume,  (column  28,)  and  even  with  this 
allowance,  it  is  seen  that  the  absolute  pressure  amounted  to  more  than  5^  lbs. 
above  that  in  the  boiler,  which  is  also  impossible,  if  the  boiler  pressure  be  cor- 
rectly stated.  In  order  to  make  thepressure  on  the  pistons  coincide  with  that  in  the 
boiler,  (to  which,  however,  strictly  speaking,  it  can  never  attain,  in  a  locomo- 
tive,) fths  of  the  whole  water  said  to  be  evaporated  must  be  subtracted  for 
loss,  and  the  horse-power  would  then  be  performed,  according  to  the  datum  of 
resistance,  by  44.8  lbs.  instead  of  by  a  cubic  foot,  per  hour ;  and,  then,  there 
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is  nothing  loft  for  blast  pressure,  with  a  presumed  force  of  47ilbB.  per  square 
inch  in  the  cylinder. 

Mr.  Stephenson  assumes,  with  M.  de  Pambour,  that  the  resistance  from  the 
blast  increases  as  the  pressure  on  the  piston  diminishes.  The  probability  of 
the  correctness  of  this  assumption  will  be  hereafter  examined.  Tlie  volume 
test  shews  either  that  77  cubic  feet  of  water  did  not  pass  through  the  c^'linders 
as  steam ;  or  that,  if  such  were  the  case,  a  pressure  of  above  80  lbs.  must  have 
existed  in  the  boiler ;  and,  if  so,  the  blast  resistance  must  have  exceeded  34  lbs. 
per  square  inch.  The  truth  probably  is  that  the  boiler  primed  to  a  great  and 
unobserved  extent,  and  thus  vitiated  the  experiment,  both  as  regards  evapora- 
tion, and  the  expenditure  of  power. 

Experiment  XII.  In  this  case  I  have  assumed  an  equal  evaporation  in  the 
same  time,  as  in  the  foregoing  experiment ;  and  if  f  ths  were  deducted  for 
waste,  the  blast  pressure  would  bo  less  than  nothing — or  a  vacuum  ;  for,  with 
the  subtraction  of  ^tli  for  waste,  as  in  the  Table,  the  absolute  pressure  amoimts 
only  to  11.10 lbs.,  whilst  the  resistance  required  10  lbs.  per  square  inch:  and 
if,  contrary  to  demonstration,  it  be  considered  possible  that  the  77  cubic  feet  of 
water  were  converted  into  pure  steam,  and  that  this  quantity  passed  through  the 
cylinders  in  the  hour,  the  blast  pressure  would  equal  the  whole  force  required 
to  balance  the  assigned  resistance ;  for  the  absolute  pressure  on  the  pistons 
would  have  amounted  to  20.70  lbs.  per  square  inch,  whilst  the  sum  of  the 
fiscertained  resistances  was  only  10  lbs. 

Making  an  equal  deduction  of  one  fourth  for  waste  of  water,  in  the  two 
cases,  and  -J^lh  for  ineffective  steam  in  the  passages,  the  blast  pressure  would 
have  been  (as  set  down  in  column  30)  8.15  lbs.  in  Experiment  XI.,  and  1.10  lbs. 
in  Experiment  XII.,  thus  exhibiting,  w4th  an  assumed  equal  consumption  of 
water  as  steam,  in  equal  times,  the  very  reverse  of  the  doctrine  that  the  blast 
pres.sure  is  in  the  inverse  ratio  of  the  absolute  pressure  on  the  piston — or,  in 
M.  de  Pambour's  words,  that  it  increases  with  the  velocity  of  the  piston.  The 
data  of  resistance  and  evaporation  are,  however,  proved  to  be  so  erroneous, 
that  these  experiments  present  no  facts  on  which  to  ground  either  a  measure  of 
the  force  of  steam  actually  expended,  or  a  measure  of  the  tractive  effort  actually 
exerted ;  consequently,  no  trutliful  approximation  can  be  derived  from  them  as 
to  the  value  of  blast  pressure. 

It  is  proper  to  notice  that  in  Experiment  XIL,  I  have  assumed  the  same 
consumption  of  water  as  in  the  &rst  case,  being  unable  to  reconcile  the  author's 
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Statement  of  evaporation  with  his  deductions  as  to  the  quantity  of  water  con- 
sumed per  ton  of  gross  load  per  mile.  In  the  fifth  paragraph  quoted,  he  applies 
a  cubic  foot  per  hour  per  horse-power  to  the  first  experiment,  and  that  power, 
from  his  data  of  resistance,  being  77  horses,  there  is  an  accordance  with  the 
assigned  evaporation  of  77  cubic  feet  per  hour.  But,  in  the  same  sentence,  he 
says  that  the  consumption  of  water  per  ton  per  mile  is  something  less  than  a 
quarter  of  a  gallon,  which  on  the  load  of  3S0  tons  for  14  miles  amounts  to 
nearly  7,700 lbs.  instead  of  77  cubic  feet  or  4,812 lbs.  as  before  stated;  and 
220  tons  was  very  nearly  the  maximum  load  of  that  engine.  In  the  second  case 
the  expenditure  of  water  at  nearly  half  a  gallon  per  ton  per  mile,  would  amount 
to  nearly  7,000  lbs.  I  have  assumed  4,812  lbs.,  and  shewn  that  consumption 
to  have  greatly  exceeded  possibility. 

^^^m^S^'  ^^'  Wood's  series  of  experiments  with  seven  engines  on  the 
Great  Western,  and  two  engines  on  the  London  and  Birmingham  Railway, 
will  be  foimd  of  great  use  in  illustrating  another  section  of  this  subject ;  but 
though  they  embrace  the  question  of  expenditure  of  power,  Mr.  Wood  has 
thrown  no  new  light  on  the  resistance  opposed  to  progressive  motion.  He  has, 
indeed,  in  his  **  Report  to  the  Directors  of  the  Great  Western  Railway,"  adopted 
Dr.  Lardner's  conclusions  relative  to  the  amount  of  resistance  arising  from  fric- 
tion, as  well  as  from  the  atmosphere ;  but  as  Dr.  Lardner  has  made  additional 
experiments  on  these  values,  and  has  since  furnished  the  means  of  testing  their 
accuracy  by  a  practical  experiment  on  the  Grand  Junction  Railway,  it  is  need- 
less to  reduce  Mr.  Wood's  to  the  terms  of  the  Tables  ;  I  shall,  therefore,  pass 
to  the  consideration  of  the  latter. 

***^'1??eS^'  The  15  experiments  recorded  in  the  following  Table  were  com- 
municated by  Dr.  Lardner  to  the  British  Association  for  the  Advancement  of 
Science  in  August  last.  Their  purport  was  to  determine  the  resistance  opposed 
to  progressive  motion  on  railways.  The  experiments  consisted  in  dismissing 
trains  at  various  speeds  from  the  summit  of  inclined  planes,  and  in  observing 
their  velocity  when  it  became  uniform  ;  the  resistance,  at  such  velocity,  being 
inferred  to  be  equal  to  the  force  representing  the  gravity  of  the  mass  along  the 
plane.  Table  XI.  contains  the  particulars  of  the  experiments  together  with  the 
sum  of  resistance,  or  tractive  force,  computed  fix)m  the  author's  data,  and  placed 
in  the  last  six  columns.  The  resistance  is  likewise  separated  into  two  amounts, 
the  one  supposed  to  balance  atmospheric  opposition,  the  other  supposed  to  be 
the  value  of  the  friction  of  the  axles,  and  the  friction  between  the  wheels  of  the 
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carriages  and  rails.  These  component  portions  of  the  total  resistance  are  also 
reduced,  in  each  experiment,  to  their  proportionate  values  per  ton  of  matter 
moved.  I  have  been  obliged  to  assume  an  amoimt  for  friction  as  the  author  fixed 
no  positive  quantity  for  it,  but  he  considers  it  to  be  nearljf  a  constant  at  all  veloci- 
ties, and  though  6  lbs.  per  ton  may  be  somewhat  higher  than  his  standard,  as 
collected  from  his  remarks  at  Birmingham,  and  his  Report  to  the  British  Asso- 
ciation, in  Vol.  VII.,  the  subsequent  investigation  will  shew  that  the  separation 
of  the  sum  of  the  resistance  into  quantities  attributable  to  this  or  that  source, 
is  of  no  moment  as  regards  the  objects  of  this  Paper. 

Table  XI. 
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*  These  two  experiments  were  made  on  the  same  day,  and  the  second  as  quickly  after  the 
first  as  the  train  could  be  returned  to  the  summit. 

-f  In  this  experiment  the  train  had  not  quite  acquired  an  uniform  velocity. 


These  and  other  ingeniously  devised  experiments,  made  with  the  intent  to 
discover  the  peculiar  manner  in  w^hich  the  air  operates  as  a  retarding  force  to 
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mlwaj  tnuns— but  which  do  not  affect  the  present  analyBis — ^led  the  author 
to  adopt  the  conclusions  given  in  the  subjoined  note  *. 

The  fifth  conclusion  is  one  which  I  think  the  foregoing  examination  of  M.  do 
Pambour's  experiments  has  already  negatived,  and  we  shall  presently  see  addi- 
tional reasons  for  doubting  the  authenticity  of  data  which  rate  the  resistance  at 
a  still  higher  sum. 

The  first  part  of  the  eleventh  conclusion  being  founded  on  the  accuracy  of 
the  fiflb,  the  important  inference  thence  deduced,  must  also  be  considered  as 
negatived,  if  it  be  established  that  the  resistance  is  less  rather  than  greater  than 
has  hitherto  been  supposed. 

*  **  1.  That  the  resistance  to  a  railway  train,  other  things  being  the  tame,  depends  on  the 
speed* 

"  S.  That  at  the  same  speed  the  resistance  will  be  in  the  ratio  of  the  load,  if  the  carriages 
remain  unaltered. 

"  3.  That  if  the  number  of  carriages  be  increased,  the  resistance  is  increased,  but  not  in  so 
great  a  ratio  as  the  load. 

**  4.  That,  therefore,  the  resistance  does  not,  as  has  been  hitherto  supposed,  bear  an  inva- 
riable ratio  to  the  load,  and  ought  not  to  be  expressed  at  so  much  per  ton. 

"  5.  That  the  amount  of  the  resistance  of  ordinary  loads  carried  on  railways,  at  the  ordinary 
speeds,  more  especially  of  passenger  trains,  is  very  much  greater  than  engineers  have  hitherto 
supposed. 

"  6.  That  a  considerable, but  not  yet  ascertained  proportion  of  this  resistance  is  due  to  the  air. 

"  7.  That  the  shape  of  the  front  or  hind  part  of  the  train  has  no  observable  effect  on  the 
resistance. 

"  8.  That  the  spaces  between  the  carriages  of  the  train  have  no  observable  effbct  on  the 
resistance. 

<*  9.  That  the  train,  with  the  same  width  of  front,  suffers  increased  resistance  with  the  in- 
creased bulk  or  volume  of  the  coaches. 

*'  1 0.  That  mathematical  formulae  deduced  from  the  supposition  that  the  resistance  of  railway 
trains  consists  of  two  parts,  one  proportional  to  the  load  but  independent  of  the  speed,  and  the 
other  proportional  to  the  square  of  the  speed,  have  been  applied  to  a  limited  number  of  experi- 
ments, and  have  given  results  in  very  near  accordance  ;  but  that  the  experiments  must  be  fiur- 
ther  multiplied  and  varied  before  a  safe,  exact,  and  general  conclusion  can  be  drawn. 

'*  11.  That  the  amount  of  resistance  being  so  much  greater  than  has  been  hitherto  supposed, 
and  the  resistance  produced  by  curves  of  a  mile  radius  being  inappreciable,  railways  laid  down 
with  gradients  of  about  1 6  feet  a  mile  have  practically  but  little  disadvantage  compared  with  a  dead 
level ;  and  that  curves  may  be  safely  made  with  radii  less  than  a  mile ;  but  that  further  experi- 
ments must  be  made  to  determine  a  safe  minor  limit  for  the  radii  of  such  curves,  this  principle 
being  understood  to  be  limited  to  its  application  to  railways  intended  chiefly  for  rapid  passenger 
trafiBc."  {Communicated  b^  Dr.  Lardner  at  the  Meeting  of  the  Britith  Association  for  the  Advance- 
ment of  Science,  1839.) 
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It  appears  from  the  tenth  conclusion  that  the  author  considers  his  experi- 
ments, so  far  as  they  have  gone,  as  giving  results  in  very  near  accordance,  and 
demonstrative  that  the  resistance  opposed  by  the  air,  increases  as  the  square  of 
the  velocity.  With  the  view  of  placing  before  the  eye  the  degree  of  this 
accordance  I  have  composed  Table  XIL,  which  exhibits  all  the  results 
fairly  deducible  from  these  experiments,  excluding  any  comparisons  between 
those  made  witli  a  favourable,  and  others  with  an  adverse,  or  side  wind ;  com- 
paring, in  fact,  those  only  which  were  affected  by  like  circumstances  as  to 
weather.  Nor  have  I  compared  the  results  arising  out  of  the  data  a]:)plied  to 
the  experiments  with  different  numbers  of  coaches,  as,  by  the  ninth  conclusion, 
the  bulk  or  volume  of  the  mass  in  motion  would  appear  to  affect  them.  I 
must  also  remark  that  a  different  amotmt  assumed  for  friction  would  alter  the 
ratios  of  the  resistance  assigned  to  the  air  only,  which  would  be  increased  or 
decreased  as  a  higher,  or  lower  rate  for  that  amount  were  used.  According  to 
the  manner  of  estimating  the  friction  of  coaches,  5  lbs.  per  ton  would  be  as- 
signed for  some,  and  even  8  lbs.  for  others.  It  will  be  observed  tliat  in  each 
set  of  comparisons  the  lowest  speed  is  unity ;  and  I  have  given  the  ratios  of 
the  direct,  as  well  as  of  the  squares  of  the  velocities,  that  the  eye  may  readily 
compare  the  results  with  them.  The  results  are  set  down  in  the  four  last  co- 
lumns in  the  order  of  the  ratios  of  the  velocities,  for  the  more  ready  apprecia- 
tion of  the  degree  of  accordance  which  obtains  among  them. 

It  cannot  fail  to  be  remarked  that  the  term  discordance  would  seem  to  be 
much  more  appropriate  than  accordance  to  the  indications  of  the  last  colimin  of 
the  Table,  when  referred  to  the  ratios  of  the  squares  of  the  compared  velocities 
in  the  last  column  but  two.  Nor  does  the  mean  of  all  these  experiments  appear 
to  justify  the  conclusion  that  resistance  to  railway  trains  from  the  air  is  propor- 
tional to  the  square  of  the  speed,  for  the  mean  of  the  19  comparisons  gives  a 
much  higher  ratio  for  that  resistance,  viz.  2.92,  the  mean  square  of  the  veloci- 
ties being  as  1.99  to  1 ;  but  no  fair  average  can  be  struck  from  such  irregular 
results.  The  latter  part  of  the  author's  sixth  conclusion  seems,  therefore,  to  be 
more  strictly  consonant  with  them  than  the  former  part  of  the  tenth. 
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vriodtlei. 

Ratio  of  the 

total  realM- 

aneeperton. 

Ratio  of  the 

reaiatance 
per  ton  f  ton 
the  air  only. 

1  to  1.08 
1.46 

1  to  1.16 
2.15 

1  to  1.00 
1.84 

1  to  1.00 
2.00 

1  to  1.07 
1.08 

1  to  1.16 
1.10 

1  to  1.00 
1.00 

1  to  1.00 
1.00 

1   ...   4 

1.30 

1.85 

1.84 

2.00 

1.08 

1.17 

1.03 

1.05 

1   ...   5 

1.22 

1.50 

1.07 

1.10 

1.08 

1.17 

1.07 

1.10 

1   ...    6 

1.63 

2.66 

2.76 

7.07 

1.11 

1.23 

1.49 

2.71 

2  ...    3 

1.58 

2.51 

1.84 

2.60 

1.13 

1.28 

1.08 

1.10 

2  ...   4 

1.47 

2.16 

1.84 

2.60 

1.16 

1.35 

1.07 

1.10 

2   ...   5 

1.13 

1.28 

1.08 

1.10 

1.10 

1.44 

1.49 

3.71 

2  ...    6 

1.76 

3.10 

2,76. 

7.07 

1.22 

1.50 

1.07 

1.10 

3  ...    4 

1.07 

1.10 

1.00 

1.00 

1.36 

1.85 

1.84 

2.60 

3  ...   5 

1.80 

3.24 

1.00 

2.88 

1.30 

1.94 

2.40 

4.56 

3  ...   6 

ML 

1.23 

1.49 

2.71 

1.46 

2.15 

1.84 

2.60 

4   ...    5 

1.67 

2.79 

1.90 

2.88 

1.47 

2.10 

1.84 

2.60 

4  ...   G 

1.19 

1.44 

1.40 

2.71 

1.58 

2.51 

1.84 

2.00 

5  ...   6 

2.00 

4.00 

2.07 

7.82 

1.63 

2.00 

2.70 

7.07 

7  ...10 

1.16 

1.35 

1.07 

1.10 

1.07 

2.70 

1.99 

2.88 

^8   ...   9 
Mean  on 

^      Mo  ...11 
Sand) 

12  ...13 

1.08 
1.08 

1.17 
1.17 

1.07 
1.03 

1.10 
1.05 

1.76 

1.80 

3.10 
3.24 

2.76 
1.09 

7.07 
2.8  8 

1.39 

1.94 

2.40 

4.50 

2.00 

4.00 

2.07 

7.82 

Dr.  Lardner  developed,  also,  the  following  particulars  of  a  very  valuable 
experiment  with  an  engine  and  train,  from  Liverpool  to  Birmingham,  and  back, 
conducted  with  much  skill  and  precaution  to  obtain  accuracy  in  the  observa- 
tion of  velocity,  and  evaporation,  by  Mr.  Edward  Woods,  engineer  to  the 
Liverpool  and  Manchester  railway. 

Experiment  with  the  Hecla  locomotive  from  Liverpool  to  Birmingham,  and  from 
Birmingham  to  Liverpool  on  the  same  day. 


Torn. 

Weight  of  engine 12 

■■  tender 10 

12  coaches  loaded  with  iron  60 

Gross  load 82 

Useful  load 60 


Particulars  op  Engine. 

Inches. 

Cylinders 12^  diameter. 

Length  of  stroke  18 
Wheels,  5  feet  diameter. 


q2 


MB.   PARKEa   OV 


CooBURiptioa  of  coke  and  water. 
L.  to  B. 

Total,  coke Iba.        S65i 

Coke  per  mile lbs.  38.4 

Water  evaporated cubic  feet  337 

— per  mile  $,55 

Coke  per  cub.  foot  of  water  lbs.  10.84 

Force  of  water lbs.       2510 

Total  distance  traversed  190  miles. 


B.  to  L. 
3406 
35.8 
300 

3.16 
11.35 
2334 


Mean. 
3530 
37.1 
318.5 

3.35 
11.09 
2372 


bo.  mtn.  I 


Time. — 1st  trip,  including  stoppages 4  28  58 

2d  Ditto,  ditto  4     3  30 


Deduct  for  stoppages. 


8  32  26 
2     5  40 

6  26  48 


Supposing  the  190  miles  to  be  a  dead  level 6     8  54 


tnlln  por  hour. 

Mean  velocity  during  the  trips 29.47 

Difference  for  gradients , 1.46 


Mean  velocity  on  a  level 30.93 


To  reduce  this  experiment  to  the  terms  of  the  Tables  on  the  author's  data,  it  is 
necessary  to  assign  a  resistance  overcome,  and  for  that  purpose  to  ascertain  an 
inclination  of  plane,  or  "angle  of  repose,"  as  he  terras  it,  which  would  give  an 
uniform  velocity  of  30.93  miles  per  hour  to  the  mass.  To  this  end,  I  have 
used  the  mean  of  experiments  8  and  10,  and  11  in  Table  XL,  which  alone  can  be 
called  unobjectionable.  The  last  was  made  in  a  calm ;  the  two  first  were  per- 
formed as  quickly  as  possible  in  succession  on  the  same  day,  with  the  same 
coaches,  the  same  wind  being  favourable  to  the  one,  and  adverse  to  the  other, 
so  that  their  resulting  mean  gives  a  declivity,  and  a  velocity  equivalent  to  the 
production  of  a  like  effect  in  a  calm,  which  is  for  the  incline  -^isf  and  for  the 
speed  32.65  miles  per  hour.  The  mean  of  this  last  and  of  experiment  11,  is 
for  the  incline  -igSrt  aJid  for  the  velocity  34.02  miles  per  hour,  which,  by  in- 
verse proportion,  gives  the  inclination  of  rh  for  the  "  angle  of  repose  "  at  a 
velocity  of  30.93  miles  per  hour.  Thus,  the  resistance  or  tractive  force  for  the 
gross  load  of  82  tons  is  found,  by  the  author's  data,  to  be  1836.80  lbs.  for  the 
mass*  or  32.40  lbs.  for  the  ton.    On  comparing  the  resistance  thus  obtained. 
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with  that  assigned  to  nearly  similar  velocities  in  Table  XI.»  the  correspondence 
will  be  found  very  near ;  but  it  is  below  rather  than  above  the  value  resulting 
from  the  author's  method  of  deducing  the  resistance,  for,  according  to  his  ninth 
conclusion,  the  bulk  or  volimie  of  the  mass  augments  the  resistance,  and  the 
mass  drawn  by  the  Heda  is  greater  than  that  used  in  the  three  cited  experi- 
ments with  six  coaches,  in  the  ratio  of  14  to  6. 

The  actual  mean  velocity  over  the  ground  in  the  two  trips  was  26.95  miles 
per  hour,  for  which  speed  I  have  computed  the  "  angle  of  repose,"  by  the  same 
process,  to  be  tIt,  the  total  resistance  1611.23  lbs.  and  19.64  lbs.  per  ton. 

For  the  purpose  of  separating  the  relative  quantities  of  air  resistance,  and 
friction,  I  applied  to  Mr.  Edward  Woods,  who  performed  the  experiment,  whose 
data  for  £riction  were  used  by  Dr.  Lardner,  and  who  alone  could  inform  me, 
from  his  practical  knowledge,  of  its  probable  amount  for  the  particular  coaches 
used  in  this  experiment.  Mr.  Woods  states  it  as  about  8  lbs.  per  ton  for  those 
IS  coaches,  and  I  have  assumed  the  same  friction  for  the  locomotive  and  tender; 
so  that,  for  the  velocity  of  30.98  miles  per  hour  the  resistance  of  the  air  would 
be  14.40  lbs.,  and  for  26.9d  miles  per  hour,  11.64  lbs.  per  ton.  The  coaches 
were  loaded  with  iron  weights,  and  the  two  trips  were  performed  on  the  same 
day,  the  one  immediately  succeeding  the  other. 

Mr.  Woods's  minute  and  exact  observations,  during  these  two  trips,  will  ap- 
pear from  his  replies  to  my  queries  relative  to  the  diminution  of  water  con- 
siuned  as  steam  requisite  to  be  made  for  waste  from  delays  on  the  road ; 
an  approximation  to  which  necessary  correction  I  could  not  have  arrived  at 
without  bemg  informed  of  the  number,  and  duration  of  the  delays.  These  are 
stated  by  him  as  follows : 
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Statement  of  the  time  occupied  in  the  trips  to  and  from  Birmingham  and  LiTerpool^  with  the 

HecUu 

^  ho.  mln.  Ka. 

Ist  Trip.— Liverpool  to  Birmingham,  Stoppages  included 4  28  58 

Time  lost  on  the  road. 

mio.  wc. 

1.  Getting  up  Speed  at  Liverpool 2  %l 

2.  Slackened  over  Parr  Moss 3  17 

3.  Stoppage  at  Warrington  34  48 

4.  Ditto        Hartford  5  34 

5.  Ditto        Crewe  7  12 

6.  Slackened  at  Whitmore 1  34 

7.  Stoppage  at  SufTord   8  29 

8.  Ditto        Wolverhampton 6     0 

9.  Slackened  at  Birmingham 0  24 


I     9  39 


Time  which  would  have  been  occupied  if  the  train  had 

started  from  Birmingham  at  full  speed,  and  travelled  — ^«— 
from  thence  to  Birmingham  without  stopping  3  19  19 


ho.  min.  wtc, 

Sd  Trip. — Birmingham  to  Liverpool,  stoppages  included 4    3  30 

Time  lost  on  the  road. 

mln.  we. 

1.  Getting  up  speed  at  Birmingham 2  18 

2.  Stoppage  at  Wolverhampton 5  11 

3.  Ditto        Sufford 5  52 

4.  Ditto         Whitmore 5  39 

5.  Ditto        Crewe 6  35 

6.  Ditto        Warrington 26  16 

7.  Delay  from  overtaking  train  on  the  Liverpool  and 

Manchester  line 4  10 

0  56     1 

Time  which  would  have  been  occupied  if  the  train  had 

started  from  Birmingham  at  full  speed,  and  travelled  -^— 


from  thence  to  Liverpool  without  stopping 3     7  29 

Dead  Stoppages. 
First  Trip,  Second  Trip. 

mio.  lec.  mio.  mc. 

Warrington 32  34                Wolverhampton 3  13 

Hartford 3  33                 Stafford 2  25 

Crewe 5  30                 Whitmore 2  47 

Stafford 6  35                Crewe 3  25 

Wolverhampton 4  12                Warrington 24  15 

52  24  36     5 
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Deducting  the  dead  stoppages,  amounting  to  88^  minutes,  from  the  whole 
time,  the  actual  period  occupied  in  travelling  was  7  hours,  3  minutes,  59  se- 
conds. The  total  evaporation  was  39812  lbs.  eflfected  in  512^  minutes;  the 
proportion  for  the  actual  time  of  the  trip,  or  424  minutes,  32937  lbs. ;  difference 
6875  lbs.  The  dead  stoppages  arc  divisible  into  two  portions,  viz.  9  very  short 
ones  comprising  31  minutes,  40  seconds ;  and  2  long  ones  equal  to  56  minutes, 
49  seconds.  For  the  short  stoppages  I  have  deducted  the  full  proportion,  or 
2465  lbs.,  as  the  steam  would  blow  on  the  instant  of  stopping,  perhaps  even 
whilst  the  engine  was  coming  to  rest  at  the  several  stations,  the  regulator  being 
closed  some  instants  before  arriving  at  them. 

The  two  long  stoppages  at  Warrington  averaged  each  28  minutes,  24j  se- 
conds, but  though,  at  the  moment  of  stoppingp  the  fire  would  be  of  the  same 
intensity  as  during  motion,  it  would  be  greatly  diminished  in  force  at  the  mo- 
ment of  starting  again ;  for  those  two  delays,  therefore,  a  different  correction  is 
required  as  regards  waste  of  steam.     This  I  have  endeavoured  to  supply. 

Mr.  Woods  has  informed  me  that  the  usual  consumption  of  coke  by  engines 
waiting  to  start  at  the  termini  is  about  100  lbs.  per  hoiu*.  This  is  an  useful 
fact,  as  it  determines,  approximately,  the  difference  in  the  rates  of  combustion 
and  evaporation  by  locomotive  boilers  with  the  simple  draught  of  the  chinmey, 
and  with  the  acceleration  given  to  it  by  the  blast.  Their  difference  on  the 
Hedoy  at  the  velocity  of  the  journey,  is  about  8  to  1 .  If  the  evaporation  for 
the  whole  delay  at  Warrington  were  reckoned  as  proportional  to  the  time,  with 
an  active  blast,  it  would  amount  to  4416  lbs. ;  and  if  computed  according  to  the 
evaporative  power  of  the  boiler,  without  the  blast,  it  would  bo  only  552  lbs. 
Neither  of  these  can  be  assumed  as  the  real  quantity.  I  have  made  a  calcula- 
tion from  which  I  think  the  true  amount  of  water  vaporized  in  the  56  minutes* 
49  seconds,  would  be  very  nearly  approximated  to  in  the  sum  of  2650  lbs. ;  but 
this  may  be  thought  too  high,  and  I  have  concluded  to  reckon  it  as  ^d  of  the 
active  evaporation  for  the  same  time,  or  1472  lbs.,  which  is  equivalent  to  burn- 
ing 256  lbs.  of  coke  in  the  time.  Thus,  the  reduction  for  waste  of  water  as 
steam  during  the  delays  is  2465  +  1472  =  3937  lbs. 

A  further  reduction  is  also  necessary  for  such  space  as  the  engine  may  have 
passed  over  without  steam  in  approaching  stations,  or  in  descending  inclined 
planes,  it  being  evident  that  steam  would  blow  off  in  these  intervals. 

1  found,  on  applying  to  Mr.  Woods  for  an  approximation  with  reference  to 
these  quantities,  that  2500  yards  may  be  deducted,  on  each  trip,  for  that  por- 
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tion  of  the  ground  over  which  the  train  passed,  by  virtue  of  its  acquired  impe- 
tus, when  the  steam  was  shut  off  whilst  approaching  the  several  stations  ;  and 
that,  on  each  trip,  the  train  descended  an  inclined  plane  of  a  mile  and  a  half  in 
length  by  gravity  alone. — These  quantities  amount  to  30840  feet,  and  to  7852 
cylinder  volumes,  or  to  between  -hd  and  Vrd  part  of  the  190  miles  tra- 
versed. 

Mr.  Woods  also  informed  me,  in  reply  to  an  enquiry  on  that  head,  that 
"  there  was  a  pretty  constant  simmering  of  steam  from  the  safety  valves  during 
the  whole  journey."  The  amount  of  this  portion  of  waste  eludes  determination, 
but,  by  its  amount  (which  could  not  be  inconsiderable  during  seven  hours)  the 
pressure  per  volume  assigned  in  the  Tables  will  be  too  high,  as  also  the  con- 
sumption of  water  as  steam  for  the  power.  This  constant  waste  through  the 
safety  valves  proves  the  steam  to  have  been  constantly  at  the  blowing  off  point, 
and  that,  when  its  exit  through  the  cylinders  was  closed,  it  escaped  freely ; 
consequently,  a  proportionate  deduction  must  be  made  for  the  spaces  passed 
over  without  steam.  By  taking  the  time  equivalent  to  the  passage  of  the  train 
over  these  5,8 4  miles  without  steam,  the  quantity  of  water,  ineffective  as  power 
from  this  cause,  is  found  to  be  1103  lbs.  The  effective  evaporation,  or  the 
weight  of  water  which  actually  passed  through  the  cylinders,  in  the  shape  of 
steam,  is,  therefore,  3981 2 -(3937  +  1103)  =34772  lbs.,  which  quantity  stands 
in  the  Tables  as  the  consumption  of  the  engine,  and  is  exclusive  of  waste  from 
the  continuous  escape  of  steam  through  the  safety  valves. 

In  estimating  the  pressure  resulting  from  the  comparative  volumes  of  steam 
and  water,  u^jth  is  deducted  from  the  water  for  the  useless  content  of  the  cyUn- 
der  passages,  and  Ad  from  the  volume  of  steam,  for  the  space  traversed  without 
expenditure  of  power. 

The  consumption  of  coke  is  diminished  in  the  same  ratio  with  that  of  the 
water. 

The  experiment  with  the  Ilecia  resolves  itself  into  two  cases : 

Ist.  With  reference  to  the  consumption  of  water  as  steam,  and  of  coke,  ap- 
plied to  the  actual  mean  velocity  of  the  train. 

2d.  With  reference  to  the  consmnption  of  water  as  steam,  and  of  coke,  ap- 
plied to  the  velocity  assumed  by  Dr.  Lardner  to  be  that  which  would 
have  resulted,  supposing  the  190  miles  traversed  to  have  been  a  level 
plane. 

I  have  computed  and  set  down  the  results  of  each  of  these  cases  in  the 
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Tables,  but  I  have  thought  it  unnecessary  to  fill  up  the  columns  for  useful  duty, 
and  power,  as  the  accuracy  of  the  data  of  resistance  is  to  be  judged  of  from  the 
whole  tractive  effort  required,  or  gross  duty  done,  compared  with  the  power  ex- 
pended. I  can  assign  no  amount  for  engine  friction,  or  blast-pressure,  as  the 
author  does  not  profess  to  have  made  any  experiments  upon  the  engine  to  deter- 
mine these  quantities  ;  consequently,  no  true  value  can  be  assigned  for  the  pres- 
sure and  power  arising  out  of  the  sum  of  the  resistances.  These  latter  are 
entered  in  their  respective  columns,  but  they  necessarily  represent  the  values  of 
the  pressure  and  power  equivalent  to  the  tractive  effect,  or  gross  duty  only,  and 
have  been  computed  for  the  sole  purpose  of  comparing  them  with  similar  values 
from  the  volume  test. 

On  turning  to  the  Tables,  and  examining  the  results  of  this  experiment, 
(case  2,)  it  will  be  apparent ; 

1.  That  a  duty  has  been  performed  of  double  the  amount  effected  by  the 
condensing  engine,  with  an  equal  expenditure  of  power.  (Column  1 5.) 

2.  That,  the  absolute  force  impressed  upon  the  pistons,  as  determined  by  the 
relative  volumes  of  water  and  steam,  was  30.95  lbs.  per  square  inch ; 
whereas  the  tractive  effort,  requisite  to  overcome  the  assigned  resist- 
ance, amounted  to  39.28  lbs.  per  square  inch,  exclusive  of  the  force 
equivalent  to  the  friction  of  the  loaded  engine,  and  blast-pressure.  (Co- 
lumns 29,  80.) 

3.  That,  the  power  required  of  the  engine  to  balance  the  tractive  effort 

alone  was  151^  horses;  whilst  the  absolute  power  furnished  by  the 
steam  to  move  the  engine,  to  neutralize  the  blast-resistance,  and  to  over- 
come the  load,  amounted  only  to  119^  horses.  (Columns  33,  34.) 

4.  That,   the  water  expended  as  steam  per  horse-power,   per  hour,  was 

37-89  lbs,  for  the  tractive  effect  or  duty  only,  (column  42);  whereas,  the 
condensing  engine  consumes  70  lbs.  per  effective  horse-power ;  and,  if  the 
two  engines  were  brought  to  an  equality  of  comparison,  the  water  ex- 
pended by  the  locomotive  per  effective  horse-power,  per  hour,  must  have 
been  considerably  less  than  37.89  lbs.,  as  the  steam  overcame  the  blast- 
resistance,  in  addition  to  its  load. 

5.  That,  compared  with  a  fixed  non-condensing  engine,  at  equal  pressure, 

the  locomotive — though  labouring  against  the  heavy  counter  pressure 
of  the  blast,  from  which  the  other  is  free — is  assumed  to  have  performed 
equal  work,  with  less  than  one-half  the  expenditure  of  power. 
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6.  That,  if  the  resistance  assigned  by  Dr.  Lardner  as  opposed  to  the  pro- 
gressive motion  of  the  train  be  correct,  the  efficiency  of  the  steam  in  the 
locomotive,  is  more  than  double  that  obtained  by  the  best  condensing 
engines ;  more  than  treble  that  derived  from  stationary  non-condensing 
engines ;  and  equal  to  the  performance  of  a  Cornish  expansive  engine 
doing  a  50  million  duty  with  a  bushel  of  coals. 
Such  are  the  incredible  results  arising  out  of  data,  purporting  to  be  fairly  and 
necessarily  deduced  from  unimpeachable  exjieriments.     To  obtain  credence  for 
such  results,  which,  until  proved,  can  be  deemed  but  hypotheses,  it  is  incumbent 
on  those  who  promulgate  and  receive  them,  to  explain  the  process  by  which  the 
locomotive,  commonly  considered  as  the  most  prodigal  of  engines,  transmutes  its 
apparently  enormous  consumption  of  steam  into  an  economy  so  striking  as  to 
shake,  if  true,  all  reliance  on  the  fixed  and  well  founded  principles  by  which 
engineers  have  hitherto  been  governed  in  the  application  of  the  steam  engine  to 
its  various  uses. — Until  these  anomalous  and  mysterious  properties  of  the  loco- 
motive, in  its  use  of  steam,  be  brought  to  light,  and  satisfactorily  accounted  for; 
or,  until  a  much  nearer  accordance  be  established  between  these  hypothetical  ef- 
fects and  the  ascertained  performance  of  other  engines,  the  resistances  assigned 
as  opposed  to  and  overcome  by  the  locomotive,  at  difierent  velocities,  must  be 
regarded  by  persons  conversant  with  the  power  of  steam,  and  with  the  prac- 
tical capability  of  engines,  as  utterly  inconsistent  with  realitj',  and  as  resting 
on  no  solid  foundation.     The  fallacy  of  all  these  data  is  not  only  demonstrable 
by  argument,  but  it  is  demonstrated  by  facts  furnished  by  the  engine  itself, 
whenever  an  evaporation  approximate  even  to  the  truth  can  be  arrived  at. 

It  is  important  to  point  out  one  other  error  into  which  railway  analysts 
have  fallen,  and  which  is  clearly  exemplified  by  the  separation  of  the  experi- 
ment with  tlie  Heda  into  two  cajjcs.  I  allude  to  the  theoretical  methods 
adopted  by  them  for  reducing  undulating  surfaces  to  a  level. 

M.  de  Pambour  extends  the  length  of  the  Liverpool  and  Manchester  rail- 
way from  2f)i  to  34^  miles,  as  a  compensation  for  the  acclivities,  or  for  the  help 
afforded  to  his  trains  in  surmounting  them  by  the  bank  engines,  which  is  the 
same  thing.  Dr.  Ljirdner,  on  the  contrary,  reduces  the  actual  time  of  the  jour- 
ney, to  that  which  he  assumes  would  be  occupied  in  performing  it  on  a  dead 
level ;  this  is  equivalent  to  a  certain  increase  of  velocity  which  he  assigns,  and 
he  supposes  the  same  load  to  be  moved  at  that  increased  velocity,  with  the 
same  power,  as  at  the  lower  velocity,  but  he  assigns  a  very  different  amount  of 
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resistance  for  each  velocity.  Now,  there  is  one  indubitable  measure  of  the  ac- 
curacy, or  fallacy  of  these  substitutions,  viz.,  the  effect  produced  by  the  power 
expended. — In  ibe  two  cases  of  the  Heda  an  equal  quantity  of  water  as  steam 
has  been  consumed  by  the  engine,  in  dragging  the  same  tr£un  over  the  same 
length  of  ground ;  consequently,  the  power  ought  to  have  produced  an  equal 
mechanical  effect  in  both  cases.  How  stand  the  results  ?  By  column  29,  it  is 
seen  that  an  equal  absolute  pressure  of  steam  existed  on  the  pistons  in  both 
cases,  and  an  equal  number  of  cylinders  have  been  filled  with  steam  and  dis- 
charged in  passing  over  it ;  but  the  time  in  which  the  steam  was  expended  is 
less  by  14  per  cent,  in  the  3d  case  than  in  the  1st:  it  is,  therefore,  certain,  that 
the  resulting  pressure  of  the  steam  upon  the  pistons  could  not  have  been  iden- 
tical in  the  two  cases. 

Again,  if  the  resistances  assigned  at  the  two  velocities  were  relatively  cor- 
rect— however  positively  erroneous  they  might  be — the  duty  done  by  the  same 
power  would  be  alike  in  both  cases  ;  but  this  is  so  far  from  being  the  presumed 
fact,  that  12  per  cent,  more  duty  has  been  accomplislied  at  the  higher  than  at 
the  lower  velocity.  (Column  15.) 

The  same  discrepancy  appears  on  referring  to  the  amounts  of  absolute  and 
tractive  power  of  the  engine ;  a  power,  let  it  be  borne  in  mind,  created  by  an 
equal  expenditure  of  steam  in  the  two  cases.  Column  $S  shews  the  difference 
between  the  absolute  powers  to  amount  to  15:^  horses  ;  and  column  34  exhibits 
the  same  engine,  using  the  same  quantity  of  steam,  to  have  exerted  in  the  1  st 
case  an  effort  equal  to  115^,  and  in  the  2d  case,  an  effort  equal  to  151^  horses 
power,  or  a  difference  of  36  horses  power.  No  change  whatever,  be  it  observed, 
is  supposed  to  have  taken  place  in  the  sum  total  of  the  forces  opposed  to  the  en- 
gine, for  the  same  absolute  pressure  is  assumed  to  have  urged  the  pistons ;  the 
friction  and  blast  resistance  in  the  2d  case,  (that  of  the  level,)  must,  therefore, 
have  been  nearly  if  not  precisely  the  same  as  in  the  first  case ;  and  the  conclu- 
sion is  inevitable  that,  if  the  resistance  assigned  for  the  load  at  26.95  miles  per 
hour  be  supposed  correct,  the  amount  attributed  to  it  at  30.93  miles  per  hour  is 
very  greatly  exaggerated ;  or  we  must  conclude  that  the  method  resorted  to  for 
reducing  the  undulating  to  a  level  jilane  is  erroneous. 

There  are  numerous  practical  difficulties  against  reducing  a  railway  to  an 
imaginary  level  so  as  to  make  the  mechanical  effects  of  a  given  power,  on  the 
level,  coincide  with  those  obtained  under  the  practical  conditions  of  a  railway; 
and  it  is  uianiiest  that  tliese  results  ought  to  agree,  if  every  circumstance  eon- 
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nected  with  the  problem  be  taken  into  account.  If  all  the  resistances  and  fric- 
tions incidental  to  the  engine  and  its  train  were  truly  ascertained  for  all  velo- 
cities, and  all  loads,  and  corrections  were  applied  accordingly,  the  effects  obtained 
from  a  given  power  moving  the  same  load,  at  two  different  velocities,  over  a 
level,  and  over  an  undulating  surface,  would  be  identical.  The  comparison  of 
these  two  cases  shews  the  data  of  resistance  to  be  altogether  fallacious ;  and  I 
think  the  effects  ascribed  to  a  locomotive  engine  of  the  dimensions  of  the  Heda 
will  be  regarded  as  fabulous,  when  it  is  seen  that,  in  order  to  accomplish  a  trac- 
tive effort  exceeding  150  horses  power,  the  whole  force  of  steam  upon  the 
pistons  could  not  have  amounted  to  less  than  200  horses;  for  it  cannot  be  sup- 
posed that  the  friction  of  the  engine  so  highly  loaded,  together  with  the  blast- 
pressure,  required  less  than  12 lbs.  per  square  inch  to  balance  them;  which 
addition  would  raise  the  absolute  power  of  the  engine  to  200  horses.  It  is,  I 
apprehend,  very  questionable  whether  the  parts  of  any  locomotive  engine  yet 
constructed  could  hold  together,  under  a  total  effort  of  even  half  that  power. 

By  these  observations  I  am  far  from  presuming  to  dispute  the  accuracy  of 
the  compensations  applied  for  the  acclivities  and  declivities  of  the  railways  tra- 
versed in  this  experiment,  as  reckoned  on  the  time;  but,  if  the  principle  on 
which  the  level  has  been  calculated  be  true,  the  comparison  of  the  two  cases 
establishes  the  necessity  of  appreciating  other  facts  than  we  are  at  present 
acquainted  with,  before  it  can  be  demonstrated  that  a  given  power  will  convey 
a  given  load  at  some  certain  increased  velocity  along  a  level,  compared  with 
the  actual  velocity  along  any  given  undulating  line.  This  is  a  practical  ques- 
tion of  very  great  import  to  the  science,  as  well  as  to  the  first  cost,  and  ultimate 
mercantile  success  of  railways,  and  it  is  of  the  utmost  consequence  that  its  de- 
termination should  be  sought  in  a  practical  sense,  and  by  such  practical  methods 
as  railways  and  engines  enable  us  to  use.  Such  a  problem  as  this  is  not  to  be 
solved  by  deductions  from  experiments  on  wagons  and  carriages  running  down 
inclined  planes  ;  facts  alone  can  decide  it,  and  they  are  attainable. 

There  is  no  such  thing  as  a  constant  quantity,  in  a  practical  point  of  view, 
appertaining  to  any  one  of  the  resistances  or  frictions  which  enter  into  the  com- 
position of  the  sum  of  the  forces  opposed  to  the  progressive  motion  of  an  engine 
and  train.  There  can  be  no  doubt  but  that  the  air  opposes  different  amounts 
of  resistance  to  the  same  body  moving  through  it  with  different  velocities,  so 
that  in  ascending  an  acclivity,  though  the  velocity  of  a  train  be  diminished  by 
the  counter  force  of  gravity,  the  resistance  to  the  train  from  the  air  is  di- 
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minished  at  the  same  time ;  and  a  correction  would  be  required  for  this  quan- 
tity at  every,  even  the  smallest,  deviation  of  the  line  from  a  mathematical  level, 
whether  ascending  or  descending.  The  pressure  of  steam  upon  the  pistons 
varies  with  the  effort  required,  causing  fluctuations  in  the  amount  of  engine 
friction  and  blast-resistances  according  to  the  velocity.  In  the  cases  under  con- 
sideration a  level  has  been  calculated,  and  it  may  be  on  sound  principles, 
but  it  does  not  appear  that  any  corrections  have  been  applied  for  these  varying 
forces  as  regards  the  load,  or  power ;  consequently,  the  theoretical  level  is  a 
pure  fiction  with  reference  to  the  practical  results  of  the  experiment. 

The  same  remarks  apply  to  M.  de  Pambour*s  experiments  reduced  to  his 
level. 

I  should  state,  with  reference  to  the  amounts  of  water  consumed  as  steam 
set  down  in  column  11,  for  the  two  cases  of  the  Heda^  that  the  difference  arises 
from  having  to  treat  a  hypothetical  case,  viz.  that  of  a  level.  In  the  1st,  or 
actual  case,  two  inclined  planes  of  li^  mile  each  occurred,  which  the  engine 
traversed  without  steam,  besides  the  5000  yards  in  approaching  stations,  by 
which  the  consumption  of  water  had  to  be  diminished  ^,  as  previously  ex- 
plained. The  imaginary  case  of  the  level  requires  that  the  engine  should  be 
supplied  with  steam  along  the  3  miles  deducted  for  these  inclined  planes  in  the 
1st  case ;  consequently  rrth  is  the  correction  in  the  2d  case  for  the  5000  yards 
only.  A  similar  correction  for  the  space  passed  over  without  steam  was  re- 
quisite in  estimating  the  volume  of  steam  consumed ;  as  the  power  was  in 
action  in  the  1st  case,  during  61894  double  strokes  of  each  piston,  and  in  the 
Sd  case  during  62902  double  strokes.  The  mean  velocity  of  the  engine  and 
train  in  both  cases  is  found  by  dividing  the  whole  distance  traversed,  by  the 
whole  time ;  but,  as  the  steam  did  not  operate  during  the  whole  time  in  either 
case,  a  further  correction  became  necessary  for  the  number  of  revolutions  of  the 
working  wheel,  or  number  of  double  strokes  of  the  piston  effected  per  minute  by 
the  steam.  In  the  1st  case  the  steam  operated  during  411  minutes  instead  of 
the  whole  time,  or  424  minutes ;  and  in  the  2d  case  during  363.4  minutes, 
instead  of  368.9  minutes.  Had  not  these  corrections  been  made,  the  number  of 
horses  power  arising  out  of  the  assigned  resistance,  (column  34,)  would  not  have 
corresponded  with  the  power  deduced  from  the  duty,  (column  36) ;  and  it  is 
evident  that  the  two,  being  identical,  ought  to  coincide  in  amount,  as  they  do 
when  they  are  properly  computed. 
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TABLE  of  the  volume  of  the  steam  generated  under  different  pressures,  compared  to  the 
volume  of  the  water  that  has  produced  it. — Neu)  Tfteory  of  the  Steam  Engine  by 
Le  Comie  de  Pambour^  page  70. 
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MB.  PARKE8  ON 


OF  MOMEKTUM  AS  A  MEASURE  OF  THE  EFFECT  OF  LOCOMOTIVE 

ENGINES. 


The  effective  power  of  a  locomotive  engine — by  wbicb  is  meant  tbe  excess 
of  power  after  overcoming  its  proper  friction,  and  tbe  resistance  from  tbe 
blast — is  solely  expended  in  the  generation  of  momentum.  The  momentum 
communicated  to  tbe  entire  mass  set  in  motion  represents  the  useful  mechani- 
cal efifort  exerted  by  the  steam ;  this  effect  of  the  engine  is,  therefore,  at  all 
times  determinable ;  for,  being  the  simple  product  of  the  mass  moved,  multi- 
plied into  its  velocity,  it  is  tbe  product  of  two  quantities  easily  ascertained 
under  all  the  practical  circumstances  of  railway  traffic.  The  consumption  of 
power,  as  water  in  tbe  shape  of  steam,  is  a  third  quantity  also  readily  ap- 
preciable. 

Were  it  possible  to  work  a  locomotive  engine  and  its  train  in  tactto,  on  a 
truly  level  plane,  the  momentum  generated  by  an  equal  expenditure  of  power 
would  be  a  constant  quantity  at  all  velocities  ;  for,  tbe  resistance  being  in- 
variable, equal  n\omenla  would  be  produced  by  an  equal  expenditure  of  power 
with  all  loads,  as  the  velocity  attained  would  be  in  the  inverse  ratio  of  the 
loads,  and  vice  versa.  This  hypothetical  case  supixwes  friction  and  resist- 
ance of  all  kinds  to  be  constant.  M^'e  know,  however,  in  practice,  the  power 
and  velocity  of  an  engine  and  train  to  be  limited  by  the  interference  of  numer- 
ous impediments,  which  may  be  enumerated  as  follows  : 

1st.  The  air — the  amount  of  resistance  or  assistance  from  wbicb  source, 
must  be  nearly  as  inconstimt  as  tbe  wind  itself — has  to  be  displaced ;  a  pas- 
sage has  to  be  forced  through  it ;  but,  in  what  ratio  this  obstacle  varies  with 
the  velocity  of  a  train,  or  in  what  proportion  it  enters  into  the  total  sum  of 
tbe  resistance  to  be  overcome,  at  any  one  velocity,  we  are  at  present  utterly 
ignorant. 

2d.  Tbe  friction  of  a  body  moving  upon  an  inflexible  uniform  plane  is 
commonly  assumed  to  be  the  same,  or  nearly  so,  at  all  velocities  for  equal 
weights,  but  it  is  questionable  whether  this  assumption  be  well  founded  in 
its  application  to  railways,  as  they  are  very  far  from  being  inflexible  uni- 
form planes,  liut  consist,  on  the  contrary,  of  a  series  of  short  elastic 
bars,  very  imperfectly  imited,  with  points  of  union  which  offer  sensible  ob- 
structions to  a  train  passing  over  them.     No  determmate  experiments  have 
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jet  acquainted  us  with  the  value  of  this  friction  at  any  one  velocity ;  nor  do 
we  know  whether  it  increases  or  diminishes,  or  in  what  ratio  with  the  speed 
and  weight  of  a  train.  The  practical  condition  of  a  railway  is  also  at  no  time 
so  perfect  as  to  present,  for  many  yards  successively,  either  a  true  rectilmear  or 
a  true  transverse  level ;  circumstances  which — inasmuch  as  they  vary  greatly 
in  different  parts  of  the  same  railway,  and  still  more  in  different  railways- 
must  a£fect  the  amount  of  friction. 

Sd.  The  blast-pressure— which  is  actually,  though  not  intrinsically,  a  con- 
dition of  the  engine — opposes  to  the  power  amounts  of  resistance  fluctuating 
with  the  load,  and  with  the  velocity.  Its  intensity  may  be  supposed  to 
have  some  definite  relation  to  that  of  the  active  steam,  and  to  the  number  of 
discharges  from  the  cylinders  which  have  to  be  made  in  a  given  time ;  but  its 
value  is,  at  present,  unascertained  for  any  one  load,  at  any  one  velocity. 

4th.  The  friction  of  the  moving  parts  will  be  a  constant  quantity  for  the 
same  engine,  without  load,  and  in  good  order ;  but  it  necessarily  varies  for 
engines  of  different  dimensions  and  weights,  and  according  to  the  method  of 
applying  the  power,  nmnber  and  diameter  of  the  wheels,  &c. 

5th.  The  additional  friction  brought  upon  the  moving  parts  of  engines  by 
their  load,  and  by  the  velocity  at  which  they  are  travelling,  is  also  a  fluctuat- 
ing quantity,  and  one  which  it  is  extremely  difficult  to  ascertain. 

Such  is  the  inconstant  nature  of  the  principal  forces  which  have  to  be 
overcome  by  the  power  applied  to  a  locomotive  engine.  All  attempts  to  de- 
termine their  special  as  well  as  their  total  value  have  proved  fruitless,  and  the 
widely  discordant  estimations  assigned  by  the  experimenters  whose  labours 
have  been  examined,  exhibit  the  difficulties  of  arriving  at  the  true  determina- 
tion of  some  of  these  forces,  to  be  undiminished,  if  not  insurmountable. 

Until  the  value  of  the  blast-pressure  l)e  definitely  ascertained,  no  true 
estimate  of  the  effective  power  of  an  engine  employing  it  can  be  made ;  con- 
sequently^ the  force  of  such  engine  cannot  be  measured  by  the  consumption  of 
water  as  steam ;  for,  all  the  power  employed  to  overcome  the  resistance  of 
the  blast  is  ineffective.  Until,  therefore,  this  particular  resistance  be  deter- 
mined for  every  pressure  on  the  piston,  no  quantity  of  water  as  steam  can 
be  correctly  assigned  as  the  measure  of  an  effective  horse-power  in  a  loco- 
motive ;  nor  can  we  accurately  compare  its  effects  with  those  of  other  engines. 
All  we  do  know  is  that,  by  that  amount,  the  locomotive  must  expend  more 
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steam  for  equal  effects,  than  a  Exed  non-condensiug  engine,  at  equal  pressures, 
if  their  friction  be  the  same. 

A  knowledge  of  the  momentum  generated  by  an  equal  expenditure  of  water 
as  steam  in  equal  times,  furnishes  a  true  test  of  the  useful  mechanical  per- 
formance of  the  en^ne,  as  well  as  a  true  test  of  the  difference  of  power  con- 
sumed in  the  production  of  equal  momenta,  or  of  the  same  useful  mechanical 
performance  at  different  velocities ;  for,  the  expenditure  of  steam  varies  only 
according  to  the  absolute  resistance  opposed  to  it,  which  it  exactly  balances, 
and,  therefore,  accurately  measures.  The  momentum  of  the  mass  moved  being  a 
measurable  product  of  the  power,  and  this  product  diminishing  with  every 
increase  of  velocity,  in  the  same  ratio  that  the  increments  of  resistance  opposed 
to  the  acquisition  of  such  higher  velocity  augment,  the  quantity  of  power 
employed  to  generate  equal  amounts  of  momentum  becomes  a  true  measure 
of  the  increased  resistance  overcome  by  that  power,  from  whatever  sources  it 
may  arise.     These  principles  are  embraced  in  the  two  following  propositions : 

Proposition  1. — Equal  momenta  would  result  at  all  velocities  from  an 
equal  amount  of  |X)wer  expended  in  equal  times  by  the  same  engine,  if  the 
forces  opposed  to  progressive  motion,  and  to  the  effective  use  of  the  steam  in 
the  engine,  were  uniform  at  all  velocities. 

Proposition  2. — The  difference  between  the  momenta  generated  by  an  xmit 
of  power  in  a  given  time  at  various  velocities,  measures  the  difference  in  the 
sum  of  the  resistances  opposed  to  the  power  at  those  velocities. 

By  ascertaining,  therefore,  three  facts  which  are  at  all  times  within  our 
reach,  viz.  the  gross  weight  of  an  engine,  tender  and  train — their  mean  ve- 
locity — and  the  expenditure  of  water  as  steam  dtiring  the  trip,  very  simple 
computations  inform  us ; 

1st.  Of  the  mechanical  effect  realized  by  a  given  power  at  all  velocities. 

2d.  Of  the  totiil  increase  or  decrease  of  resistance  at  all  velocities. 

3d.  Of  the  ratios  which  the  increase  or  decrease  of  resistance,  at  different 
velocities,  bear  to  the  ratios  of  those  velocities. 

Two  other  results,  distinct  in  their  nature  from  the  foregoing,  are  disclosed 
by  a  knowledge  of  the  same  three  facts,  viz.  the  amount  of  gross  and  useful 
tractive  effect  realized  by  an  equal  expenditure  of  power  at  all  velocities. 
These  form  what  may  properly  be  termed  the  commercial  results,  of  which 
the  latter  is  the  only  useful  quantity.      The  difference  between  these  two 
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amounts  is  an  useless  quantity  in  a  practical  sense,  and  is  a  costly  waste  of 
power  incident  to  the  locomotive  functions  of  the  engine  and  tender,  over  and 
above  the  waste  arising  from  the  unascertained  and  ineffective  portion  of  the 
whole  power  required  for  blast*. 

Tables  XIII.  and  XIV.  contain  the  reductions  of  a  large  assemblage  of 
results  to  the  terms  necessary  for  the  exhibition,  and  development  of  these 
views.  They  comprise  forty-nine  experiments,  being  all  those  previously  re- 
ferred to,  with  the  addition  of  the  experiments  by  Mr.  Nicholas  Wood  on  the 
Great  Western  and  London  and  Birmingham  railways,  and  others.  To  these 
experiments  I  have  added  (Table  XIII.)  the  dimensions  of  the  en^nes,  that 
particulars,  so  necessary  for  every  investigation  into  the  performance  of  the 
locomotive,  may  not  be  wanting  for  any  one  engine  referred  to  in  this  paper. 

Table  XIII.  registers  the  velocity  of  the  engines,  the  consumption  of  water 
as  steam,  the  loads,  the  absolute  momenta  per  second,  the  momenta  generated 
by  equal  power  in  equal  times,  viz.  by  1  lb.  of  steam  per  second — also  the 
weights  of  the  gross  and  useful  loads  moved  by  equal  power,  viz.  by  1  cubic 
foot  of  water  as  steam,  at  the  velocity  of  each  experiment.  The  water  stated  in 
colomns  4  and  12  is  the  whole  quantity  expended  during  the  trips,  inclusive  of 
all  losses  which  may  have  taken  place,  excepting  when  corrections  have  been 
supplied,  as  in  the  case  of  the  Leeds  (7ww  data,)  and  Hecia.  The  water  as- 
signed as  the  consumption  of  the  Atlas,  experiment  III.,  is  computed  propor- 
tionally to  the  other  experiments  on  that  engine,  M,  de  Pambour  not  having 
noted  it,  and  it  being  important  to  have  the  means  of  comparing  two  pairs  of 
results  with  this  engine,  on  the  actual  and  assumed  distances  of  29^  and  34^ 
miles,  separately,  as  false  conclusions  only  could  arise  out  of  a  comparison  of 
the  real  with  the  fictitious  distance  traversed  f. 

*  These  two  losses  constitute  the  principal  difference  in  the  economy  of  power  between  sta- 
tbnary  and  locomotive  engines,  as  instruments  of  railway  traction ;  the  former  having  to  suffer  a 
deduction  for  loss  of  power  arising  from  the  use  of  the  rope.  The  precise  relation  of  the  two  en- 
gines in  the  production  of  useful  effect  hy  an  equal  expenditure  of  power,  offers  many  interesting 
points  for  investigation,  which  have  latterly  been  Httle  enquired  into.  Many  important  facts 
connected  with  railway  science,  and  with  the  profitable  adaptation  of  railways  to  other  than 
rapid  passenger  traffic,  require  to  be,  and  could  not  fail  to  be  illustrated  by  a  well  arranged, 
definite  series  of  experiments  on  both  engines. 

■|-  For  the  comparative  purposes  of  these  tables,  the  actual  evaporation  from  the  boilers  can 
only  be  used  as  data,  unless  every  one  of  the  experiments  had  been  supplied  with  accurate  cor- 
rections for  waste.  As  they  stand  in  these  tables,  we  have  the  quantities  of  water  practically 
expended  as  power,  with  which  it  is  necessary  to  rest  contented  until  experiments  be  conducted 
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Column  1 1  exhibits  the  momentum,  or  product  of  the  mass,  in  tons,  of  the 
engine,  tender,  and  train  multiplied  into  its  velocity  in  feet  per  second ;  and 
the  sums  thus  represent  the  respective  mechanical  effect  produced  per  second 
by  each  engine.  If  precisely  equal  quantities  of  water  as  steam  had  been  ex- 
pended in  equal  times,  the  smns  in  this  column  would  have  accurately  shewn 
the  relative  effects  realized  by  the  expenditure  of  an  equal  force  at  the  dif- 
ferent velocities,  and  with  the  different  loads ;  but  the  consumption  of  a  given 
power,  in  a  given  time,  formed  no  condition  of  the  ex];>eriments,  nor  could  it 
be  practically  accomplished.  In  order,  therefore,  to  obtain  a  true  expression  of 
the  effect  in  terms  of  power,  it  is  necessary  to  find  the  momentum  proportionate 
to  each  unit  of  power  expended  in  its  generation.  The  unit  chosen  is  one 
pound  of  water  as  steam.  These  results  are  accordingly  given  in  column  19, 
and  the  effect  of  a  pound  of  water  as  ateam — or  a  pound  of  power — at  any  one 
of  the  velocities  recorded  in  column  3,  is  strictly  comparable  with  a  like  effect, 
at  any  other  velocity,  by  the  notation  adopted  in  column  12. 

The  series  of  results  in  this  last  column  serves,  also,  to  a  certain  extent,  as  a 
test  x>f  accuracy  in  the  conduct  of  the  expveriments,  for  we  know  that  the  same 
mechanical  effect  cannot  be  realized  at  a  high,  as  at  a  low  velocity,  by  the 
same  engine ;  we  know  that  an  engine  dragging  a  load  at  23  miles  per  hour, 
must  consume  more  power,  to  acquire  an  equal  momentum,  than  at  a  lower 
velocity.  A  reference  to  the  F't/ty  (previously  adverted  to  as  giving  anoma- 
lous results,)  exhibits  that  engine  as  having  performed  more  work  at  23,  than 
at  21 1  miles  per  hour,  by  the  ratio  of  24  to  19  ;  it  is,  therefore,  with  certiunty 


with  such  care  and  precision  as  to  require  no  corrections,  or  sucli  only  as  are,  in  tlieir  nature, 
unavoitlnble.  These  quantities  fairly  represent,  perhaps,  the  comparative  consumption  offKiwer 
for  given  eflects  on  the  iliBerent  railways,  as  wu  cannot  but  suppose  the  engines,  when  under 
charge  of  the  parties  who  conducted  these  experiments,  to  have  been  managed  with  greater  care 
ilian  when  lel\  to  tlio  sole  guidance  df  the  attendant  engineer,  as  in  common  practice.  Mr. 
Wood  hatf  assigned  no  value  for  loss  of  steam  by  the  safety  valves,  delays,  or  other  sources,  so 
that  any  attempt  to  determine  the  positive  power  of  those  engines  would  be  fruitless  ;  and  if  M. 
de  Parabour's  data  for  water  were  corrected,  and  the  others  uncorrected,  the  comparison  of 
effects  resulting  iirom  an  equal  expenditure  of  power  by  the  different  engines,  on  the  different 
railways,  would  be  entitled  to  no  credit.  If  the  evaporation  in  M.  de  Pambour'»  experiments 
were  diminished  by  one-fourth,  according  to  his  instructions,  or  by  any  other  equal  amount,  the 
relative  comparisons  between  his  engines  would  still  huld  good  ;  but  it  is  evident  that  the  rela- 
tion  between  his  results  and  others  would  be  altogether  faithless,  unless  it  were  certain  that  the 
Utter  required  no  correction,  or  unless  an  ascertained  correction  were  supplied. 
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we  may  conclude  one  or  both  of  those  experiments  to  be  erroueoiiSj  though  we 
cannot  determine  which  of  them,  for  want  of  a  sufficient  series  of  results  from 
the  same  engine  to  guide  our  judgment.  For  subsequent  comparison,  there- 
fore, I  have  struck  out  these  two  experiments  as  unsatisfactory. 

The  NortJi  Star  affords  a  sequence  of  six  experiments  at  velocities  varying 
firom  18^  to  38|^  miles  per  hour,  but  the  sequence  of  results  is  so  irregular  as  to 
indicate  error  in  two  of  them,  which  I  have  accordingly  marked  and  rejected, 
for  it  is  certain  that  a  greater  measurable  effect  must  accrue  from  the  expendi- 
ture of  equal  power  at  So  than  at  30,  and  at  81^  than  at  34  miles  per  hour  ; 
yet,  the  reverse  appears  on  the  face  of  the  experiments.  It  is  also  equally  im- 
possible that  a  greater  momentum  should  have  been  generated  by  a  like  con- 
sumption of  force  at  34,  than  at  25  miles  per  hour. 

The  seven  experiments  on  the  yEti/w*  present  u  pretty  uniformly  descending 
gradation  in  the  momenta  resulting  at  speeds  between  17f  and  33^  miles  per 
hour,  excepting  Experiment  II.,  which  must  be  discarded  as  erroneous. 

Evidence  of  accuracy  is  satisfactorily  developed  by  other  trials,  the  selec- 
tion of  one  or  two  examples  of  which  will  serve  to  illustrate,  and  direct  atten- 
tion to  the  value,  and  searching  nature  of  this  lest.  Experiments  I.  and  II.  on 
the  JVtfptfme,  at  velocities  almost  identical,  but  with  a  load  somewhat  greater 
in  the  second  than  in  the  first,  shew  an  accordance  in  their  results  so  close  as 
to  merit  confidence  in  the  conduct  of  them.  The  two  experiments  on  the  L/ian 
are  even  more  conclusive,  the  velocities  being  nearly  identical,  yet  it  is  seen 
that  power  was  consumed  in  exact  proportion  to  the  loads,  though  they 
varied  by  25  per  cent. ;  and,  consequently,  that  the  same  measurable  effect,  or 
equal  momenta,  resulted  from  the  consumption  of  equal  |X}wer  at  similar  veloci- 
ties. These  experiments  exhibit  the  great  importance  of  a  repetition  of  trials  at 
like  velocities  with  like,  or  even  unlike  loads,  to  inspire  perfect  confidence  in 
their  results.  The  four  experiments  on  the  Apfdio^  as  also  those  on  the  Harvetf 
Combe,  and  Bwnfs  m^hie,  afford  rational  grounds  for  considering  them  to  be 
respectively  entitled  to  credit,  inasmuch  as  the  descending  scale  of  their  effects 
comports  with  the  ascending  scale  of  their  velocities.  The  same  remark  applies 
to  M.  de  Pambour's  series,  with  the  exception  of  the  F'uty. 

M.  de  Pambour  has  noted  the  state  of  the  atmosphere  during  his  experi- 
ments, none  of  which  appear  to  have  been  affected  by  any  particular  force  of 
wind  either  favourable,  adverse,  or  transverse.  I  find  no  mention  made  by 
Mr.  Wood  of  any  extraordinary  derangement  from  this  source,  but  it  must  be 
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understood,  as  before  remarked,  in  citing  these  experiments  as  worthy  of  con- 
fidence, that  expression  extends  only  to  the  mutual  comparison  of  their  results, 
and  involves  the  supposition  that  the  correction  for  loss  of  steam  from  waste, 
delays,  &c.,  would  be  pretty  much  the  same,  for  the  same  engine,  in  each 
experiment. 

Table  XIV.  is  a  summary  of  the  ratios  of  the  velocities,  and  of  their  squares, 
brought  into  juxta-position  with  the  ratios  of  the  power  expended  to  produce 
equal  momenta,  equal  gross,  and  equal  useful  effects,  by  the  comparison  of  pairs 
of  experiments  on  the  same  engine  given  in  Table  XIII.,  and  referred  to  in 
column  2.  The  actual  velocities  of  each  contrasted  pair  are  reproduced  in 
column  3,  it  being  important  to  observe,  not  only  the  ratio  of  the  velocities,  but 
the  particular  speed  of  the  compared  engines.  The  lowest  velocity  of  each 
pair  is  considered  as  unity.  The  influence  wliich  velocity  exerts  over  the  ex- 
penditure of  power  for  equal  mechanical,  and  equal  commercial  effects,  is  clearly 
manifested  upon  each  engine  in  columns  6,  7»  8 ;  and  the  amount  of  loss,  attri- 
butable to  the  increase  of  resistance  at  the  higher  velocities,  is  shewn  in  the 
last  three  columns. 

Four  Means  are  derived  from  these  results. 

Mean  1.  as  explained  in  the  table,  embraces  the  whole  number  of  experi- 
ments entitled  to  confidence  in  Table  XIII.,  and  this  large  average — which  the 
results  of  42  experiments  upon  15  diilerent  engines  may  be  considered — 
informs  us ; 

Ist,  That  when  velocity  is  increased  in  the  ratio  of  1.52  to  1,  an  increased 
consumption  of  power  is  required  for  the  production  of  equal  mechanical  effects, 
or  of  equal  momenta,  in  the  ratio  of  1.43  to  1,  being  somewhat  less  than  in  the 
direct  ratio  of  the  velocities. 

2d.  That  power  is  expended  in  the  ratio  of  2,43  to  1,  or  in  about  that  of  the 
squares  of  the  velocities  to  produce  equal  gross  commercial  results. 

3d.  That  power  is  expended  in  the  ratio  of  3.11  to  1,  or  in  not  much  less 
than  that  of  the  cubes  of  the  velocities,  to  realize  equaJ  useful  commercial 
results. 

In  other  words,  it  appears,  from  the  mean  of  all  these  experiments,  that  a  loss 
of  68,  59,  and  30  per  cent,  on  the  useful,  gross,  and  mechanical  effects,  respec- 
tively, arises  from  an  equal  expenditure  of  power  at  a  velocity  of  30.92  miles  per 
hoiu",  compared  with  a  velocity  of  20.32  miles  per  hour.  It  is  important  to 
have  an  exact  method  of  arriving  at  such  general  results  as  these,  but  it  is  of  still 
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greater  consequence  to  be  able  to  test,  and  ascertain  the  relative  qualifications 
of  particular  engines,  and  the  relative  perfection  of  different  railways ;  to  the 
latter  purpose  I  will  first  apply  the  powers  of  this  method  of  analysis. 

The  Means  ?,  8,  4,  afford  special  results  from  these  experiments  on  three 
railways,  which  distinctly  mark  the  order  of  economy  to  l>e,  1st.  Liverpool  and 
Manchester ;  2d.  London  and  Birmingham ;  3d.  Great  Western ;  as  developed 
by  the  realization  of  the  greatest  mechanical  effect,  and  of  the  greatest  useful 
commercial  effect,  from  an  equal  expenditure  of  steam  power.  It  is,  however, 
incumbent  upon  me  to  guard  against  these  conclusions  being  considered  as  other 
than  the  indications  of  results  flowing  from  the  particular  experiments  which 
are  here  collected  together ;  experiments  which  can  neither  be  considered  so 
numerous,  nor  so  exact,  as  definitive  determinations  of  so  important  a  nature 
require.  The  Liverpool  and  Manchester  railway  has  undergone  certain  changes 
in  the  weight  of  its  rails  since  M.  de  Pamboxu"*s  experiments ;  the  engines  may 
also  be  of  other  dimensions,  and,  for  aught  I  know,  more  or  less  economical  of 
power.  Two  engines  only  were  subjected  to  trial  by  Mr.  Wood  on  tlie  London 
and  Birmingham  railway,  and  only  over  a  small  part  of  it.  The  Great  Western 
railway  was  incomplete,  the  engines  of  a  rather  novel  construction,  and,  at  the 
time,  somewhat  recently  put  to  work.  It  is,  therefore,  to  be  understood  that  a 
method  of  investigating  the  economic  qualities  of  locomotive  engines,  and  of 
railways  generally,  is  here  alone  attempted  to  be  illustrated,  not  the  actual 
state  of  perfection  of  any  one  engine,  or  of  any  one  railway,  for  which  purposes 
I  can  only,  at  present,  use  the  materials  furnished  to  my  hand. 

The  Means  in  Table  XIV.  are  insufficient  for  either  of  these  objects,  as  a  true 
comparison  of  the  qualities  of  engines  requires  that  their  effects  should  be  mani- 
fested, as  nearly  as  possible,  at  similar  velocities ;  for,  we  are  ignorant  whether 
the  resistances  increase  by  the  same  ratios  at  low,  as  at  high  velocities :  careful 
and  repeated  practical  experiments  can  alone  determine  whether  the  rate  in 
which  resistance  augments  be  the  same,  for  example,  between  10  and  20,  as 
between  20  and  40  miles  per  hour. 

For  the  more  perfect  exhibition  of  this  method  of  analysis,  and  for  the  most 
comprehensive  development  of  its  powers  afforded  by  the  recorded  experi- 
ments. Table  XV.  has  been  composed,  which  contrasts  the  results  of  six  experi- 
ments on  the  Great  Western,  witli  six  on  the  London  and  Birmingham  railways, 
at  velocities  as  nearly  as  possible  identical.  The  power  of  the  engines,  at  the 
mean  speed  of  27  miles  per  hour  is  represented  in  column  2,  by  the  gross  loads 
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respectively  dragged  at  that  speed ;  and  it  appears  from  the  ratios  of  the 
loads,  that  the  Loudon  and  Birmingham  engines  were  less  powerful  than  those 
of  the  Great  Western  by  24  per  cent. ;  but,  by  column  3,  we  learn  that  though 
the  Great  Western  engines  were  more  powerful — as  they  ought  to  be  from 
their  dimensions — the  London  and  Birmingham  engines  performed  18  per  cent, 
more  work  with  an  equal  consumption  of  power. 

The  weight  of  useful  load  dragged  is  also  in  favour  of  the  Great  Western 
by  19  per  cent.,  (column  4,)  but  colimm  5  shews  that  useful  load  to  be  accom- 
plished by  a  considerable  sacrifice  of  power,  and,  therefore,  by  a  greater 
expense  than  an  equal  useful  load  on  the  London  and  Birmingham ;  the  diifer- 
ence  being  27  per  cent,  in  favour  of  tlie  latter  railway.  These  are  the  com- 
mercial results  incontestibly  indicated  by  the  comparison  of  the  loads,  and  con- 
sumption of  power  assigned  to  the  en^nes;  but,  before  proceeding  fiirther  in 
the  investigation,  1  may  observe  that  these  results  do  not  necessarily  prove  the 
system  adopted  on  the  one  railway  to  be  more  or  less  economical  than  the  other ; 
as  in  a  question  of  such  magnitude,  other  important  considerations  and  details 
have  to  be  taken  into  account.  It  may  happen  to  be  a  matter  of  extreme  con- 
sequence to  the  interests  of  one  railway  to  have  a  power  at  command  capable 
of  conveying  a  much  larger  number  of  passengers  at  one  time,  than  another 
railway,  and  though  this  object  may  not  be  effected  without  a  sacrifice  of 
power  by  an  individual  engine,  it  may  suit  the  necessities  of  that  railway,  and 
be  cheaper  tlian  ejnploying  more  engines,  and  more  trains.  I  know  not 
whether  of  the  two,  the  Great  Western  or  London  and  Birmingham,  require  to 
drag  the  heavier  net  load — a  fact  apart  from  this  investigation — but  we  see 
that  in  order  to  gain  an  increased  amount  of  useful  load  of  19  per  cent,  37  per 
cent,  more  power  was  absorbed  by  the  Great  Western's  engines. 

The  true  comparison  of  the  effective  performance  of  the  engines  on  the  two 
railways  is  exhibited  in  column  6,  by  wliich  it  appears  that  the  mechanical 
effect  of  the  Harvey  Covibe  and  Bury's  engine,  was  greater,  from  an  equal  ex- 
penditure of  power,  by  1 8  per  cent,,  than  that  obtained  from  the  engines  com- 
pared with  them. 

Supposing  a  fact  of  this  nature  to  be  established  by  experiments  of  unex- 
ceptionable authenticity,  the  question  arises  as  to  its  cause  or  causes,  a  question 
seriously  involving  the  interests  of  existing,  and  of  future  railways.  The 
enquirer,  after  satisfying  himself  that  the  engines  were  equally  well  constructed, 
and  the  power  equally  well  applied,  would  naturally  and  necessarily  be  led  to 
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examino  the  difference  in  the  gouges  of  the  rails,  and  in  the  weight  of  matter 
uselessly  put  in  motion  on  the  coinpiired  railways  ;  an  increase  in  the  latter 
being  an  cflect  consequent  to  the  adoption  of  a  wider  gauge,  and  the  width  of 
gauge  itself  influencing  tlie  resistance  to  progressive  motion.  I  have  given  in 
column  7  the  mean  weiglits  of  the  engines  and  tenders  under  comparison,  and 
in  column  8  the  widths  of  the  gauge  of  the  two  railways.  The  ratios  of  these  are 
also  given,  as  for  the  other  facts,  considering  the  Great  Westeni  to  be  unity, 
and  the  comparison  shews  that,  with  a  gauge  34  per  cent,  less  in  width,  the 
two  London  and  Birmingham  engines  realized  an  equal  mechanical  effect  with 
18  per  cent,  less  consumption  of  power ;  it  is  also  seen  that  they  realized  27 
per  cent,  greater  useful  effect ;  and,  by  turning  to  column  7.  it  appears  that  they 
had  38  per  cent,  less  useless  load  to  drag,  on  that  portion  of  the  gross  load  com- 
posed of  the  weight  of  engine  and  tender.  Tlie  conclusion,  therefore,  would  be 
— on  the  supposition  that  no  doubt  existed  as  to  the  correctness  of  tlie  experi- 
ments, and  that  they  were  sufficiently  numerous,  and  sutiicicntly  varied — that 
the  difference  in  effect  was  produced  by  the  conjoint  operation  of  the  width  of 
gauge,  and  increased  weight  of  useless  mass. 

Supposing  these  facts  to  be  indisputable,  or  to  be  granted  for  the  sake  of 
argument^  the  particular  values  due  to  the  increased  resisUmce,  and  increased 
useless  load,  as  separate  quantities,  are  discoverable  and  assignable.  Assuming, 
for  this  purpose,  tlie  highest  results  (those  obtained  on  the  London  and  Birming- 
ham) to  be  unity,  it  appears  that  by  increasing  the  width  of  gauge  one  half,  or 
50  per  cent.,  the  weight  of  engines  and  tenders — or  the  useless  mass — is  in- 
cieased  59  per  cent,  on  the  Great  Western.  The  acquisition  of  momentum,  or 
of  measureable  mechanical  effect,  would,  in  no  degree,  be  influenced  by  this 
dionge  of  weight ;  but»  it  is  clear  that  some  cause  or  causes  operated  to 
diminish  this  effect,  for  column  6  shews  that  the  Great  Western  engines,  with 
an  equal  expenditure  of  power,  realized  16  per  cent,  less  momentum — or,  what 
is  the  same  thing,  had  to  overcome  1 6  per  cent,  greater  resistance — than  the 
engines  on  the  London  and  Biriningliam,  at  equal  velocities.  Now,  it  appears 
by  Mr.  Wood's  Report  that,  of  the  portion  of  the  two  railways  respectively 
traversed  by  the  engines,  the  Great  Westeni  approached  the  nearest  to  a  level ; 
and,  consequently,  that  the  additional  resistance  encountered  by  the  Great 
Western's  engines,  must  spring  from  some  other,  and  some  very  influential 
source.  It  would,  therefore,  from  the  facts  before  us — and  on  the  assumption 
that  all  the  engines  compared  were,  mechanically  speaking,  equally  perfect— 
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seem  to  be  a  fair  conclufiion  that  a  width  of  gauge  increased  by  50  per  cent, 
over  another  width,  augments  resistance  to  progressive  motion  by  16  per  cent. ; 
and  that  by  reason  of  such  additional  resistance,  and  of  the  additional  useless 
load  caused  by  the  width  of  gauge,  the  commercial  or  useful  tractive  effect,  for 
equal  power,  is  diminished  by  2S  per  cent. ;  a  conclusion  which  attributes 
1 6  per  cent,  as  loss  arising  from  increased  opposing  forcci  and  6  per  cent,  as 
loss  arising  from  the  increased  useless  mass  of  matter  put  in  motion. 

Particular  instances  might  be  selected  which  would  exhibit  a  much  larger 
difference  than  the  foregoing  between  the  effects  of  engines  on  these  two  rail- 
ways; as,'for  example,  Experiment  VI.  of  the  j^oitts,  and  Experiment  II.  of 
the  ApoUot  with  loads  and  at  velocities  nearly  identical,  and  giving  nearly 
similar  results,  compared  with  Experiment  II.  of  Bmy\s  engine  at  the  same 
speed,  viz.  29.8  miles  per  hour,  shew  an  adNiintage  in  favour  of  the  latter  of 
50  per  cent,  on  both  the  mechanical,  and  commercial  effects.  The  results  of 
Experiment  II.  on  the  Venus,  compared  with  Experiment  III.  on  the  Harrtjf 
Combe  at  velocities  somewhat  greater  than  the  last  cited,  are  also  in  favour  of 
the  London  and  Birmingham  engine,  though  in  a  less  ratio,  being  1 0  per  cent, 
on  the  mechanical,  and  30  per  cent,  on  the  useful  effects.  These  instances  are 
adduced  simply  as  confirmatory  of  the  mean  in  Table  XV.,  though  single  com- 
parisons, unsupported  by  repeated  trials  at  the  same  velocity,  are  not  to  be 
regarded^  as  indicative  of  the  degree  of  economy,  with  the  same  trust  as  an 
average  from  numerous  experiments. 

The  respective  economic  qualities  of  engines  are  clearly  shewn  by  the  last 
column  of  Table  XIII.  The  Nq}twie,  Experiments  I.  and  II,,  exhibits  the 
acquisition  of  a  higher  sum  of  momentum,  with  equal  power,  at  23j  miles  per 
hour,  than  tlie  Liaii  at  22^.  The  Neptime,  also,  exceeds  the  Premier  on  the 
mean  of  experiments  at  similar  velocities.  The  P^idcan  performed  considerably 
better  work  at  26.90,  than  the  Leeds  at  26.70  miles  per  hour;  the  ^olus  and 
Apollo  gave  equal  results  at  29>8  miles  per  hour;  the  Venus  exceeded  the 
^oius  at  22.50  miles  per  hour,  &c. 

It  will  be  apparent  from  Table  XIV.  that  general  conclusions  cannot  be 
safely  drawn  from  the  effects  of  one  or  two  particular  engines.  It  might  be 
deduced  from  comparisons  on  the  A^orih  Star  alone,  that  the  sum  of  resist- 
ance increases  in  a  much  higher  ratio  than  that  of  the  squares  of  the  velocities  ; 
whilst  the  JEolus,  on  the  same  railwav,  exhibits  the  resistance — as  do  most  of 
the  other  comparisons — as  augmenting  in  a  ratio  somewhat  less  than  that  of 
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the  direct  velocities.  These  indications  should  point  attention  to  the  mechanical 
structure  of  the  engines,  provided  the  enquirer  be  confident  of  the  accuracy  of 
his  data,  and  that  his  experiments  were  satisfactory  in  other  respects — such  as 
their  being  made  over  precisely  the  same  ground,  on  the  same  day,  and  as 
nearly  as  possible  at  the  same  time — experimental  conditions  absolutely  essen- 
tial for   determining  the  relative   excellence  of  different  locomotive  engines. 
Supposing  these  conditions  to  have  been  observed,  and  the  recorded  results  to 
have  been  elicited,  it  might  be  inferred  that  the  action  of  the  North  Star  was 
somewhat  imperfect  at  the  time  of  trial — that  its  blast-pipe  was  too  contracted 
— or  that  some  other  imperfection  caused  the  consumption  of  power  to  be  un- 
duly increased  at  the  higher  velocities.     Comparison  6  and  1  on  the  ^oiusj  at 
velocities  very  little  varying  from  those  of  4  and  1  on  the  NoriJi  Star,  shew  the 
former  engine  to  have  greatly  exceeded  the  latter  in  economy  of  power,  and  in 
the  production  of  useful  effect  with  equal  power. 

Other  comparisons  shew  the  North  Star  to  have  been  by  far  the  most 
powerful  engine  on  the  list — but,  in  most  cases,  prodigal  of  power.  Experi- 
ment I.,  colmnn  11,  Table  XIII.,  exhibits  this  engine  to  have  realized  an  abso- 
lute mechanical  effect  of  more  tlian  double  tliat  by  Buri/s  Kntpne,  Experiment  L, 
at  nearly  similar  speeds  ;  but  coUimn  12  shows  that,  for  equal  effect,  the  former 
consumed  the  most  power,  though  at  the  rather  lower  speed  of  the  two.  Again, 
the  North  Star,  (same  experiment,)  performed  nearly  four  times  the  work  of 
the  AilaXy  Experiment  IIL,  at  equal  velocities,  and  in  this  instance,  with  less 
power  for  equal  mechanical  effect  *. 

Table  XV.  shews  the  mean  velocity  of  the  three  experiments  on  the  Harw^ 
Combe^  and  the  three  experiments  on  Hunf*s  ICngine  to  be  nearly  identical ;  the 
particular  speeds  of  each  trial  were  also  nearly  similar.  The  mean  of  the  three 
results  of  each,  (column  12,  Table  XIII.,)  shews  Buj'i/s  Kngine  to  have  pro- 
duced 10  per  cent,  greater  meclianical  effect  than  the  Hartvy  Cmnbe.  This 
may  be  called  a  small  difference,  but,  if  the  experiments  are  trustworthy,  that 
small  differential  effect  must  have  had  a  cause,  and  that  cause  is  traceable,  per- 
haps, to  the  circumstance  of  the  Harw^f  Goinbe  being  a  six-wheeled  coupled  en- 
gizte»  whilst  the  other  had  four  wheels  uncoupled.     Apart  from  all  consideration 


•  Mr.  Robert  Stephenson's  engine  may  have  been  equally  powerful  with  the  North  Star,  as, 
It  14  miles  per  hour,  it  dragged  so  heavy  a  load  as  to  justify  an  opinion  that  its  tractive  force 
would  equal  the  latter  at  18j  milesj  but,  for  reasons  given  before,  the  evaporative  data  are  not 
sulliciently  correct  to  permit  a  safe  deduction  for  consumption  of  power. 
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of  the  respective  advantage,  or  disadvantage  of  these  two  methods  of  con- 
struction for  tractive  purposes,  it  is  important,  and  not  difldcult  to  determine  the 
respeiilive  consumption  of  power  consequential  to  them. 

I  adduce  these  few  comparisons  to  exliibit  the  facility  and  certainty  with 
whicli  they  are  developed  by  this  method  of  investigation.     Another  instance 
of  the  delicacy  of  this  test  will  bo  useful  to  shew  the  necessity  of  being  informed 
of  every  circumstance  which  may  influence  the  results  of  locomotive  experiments. 
By  referring  to  the  two  on  the  Jf^oho^  and  comparing  the  momentum  generated 
by  1  lb.  of  steam  at  the  higher  velocity,  it  appears  that  this  engine  realized  a 
much  less  performance  than  any  other  on  the  list  at  the  same  speed ;  and,  on 
the  contrary,  that  its  performance  at  the  lower  velocity  greatly  exceeded  every 
other  at  that  speed.    Seeking  for  an  explanation  in  Mr.  Edward  Woods's  detailed 
report  of  those  trials,  the  cause  is  distinctly  made  known.    Ho  notes,  at  the  higher 
velocity,  the  engine  then  travelling  from  Mancliester  to  Liverpool,  "  weather 
very  wet,  a  strong  head  wind  from  the  westward ;"  and  on  its  trip  from  Liver- 
pool to  Manchester,  same  da}',  with  a  luggage  train,  "  weather  wet,  wind 
westerly,  but  not  so  strong  as  in  the  previous  ex{)eriment."    In  the  one  case,  there- 
fore,  the  ungine  was  materially  retarded,  and  in  the  other  assisted  by  the  wind- 
The  augmented  consumption  of  power  at  the  highest  velocity  to  produce  equal 
effects,  comi*ared  with  other  ex|)eriments,  is  shewn  in  Table  XIV.,  for  the  velo- 
cities being  as  1.40  to  I,  and  their  squares  as   1.97  to  1,  the  ratio  of  the 
momenta,  or  of  the  mechanical  performance  realized,  comes  out  as  2.72  to  1, 
being  an  increase  in  tlie  expenditure  of  steam  at  the  highest  velocity  very  much 
greater  than  that  exhibited  by  any  of  the  other  comparisons  at  sj^eeds  bearing  a 
similar  ratio  to  each  otiier.     The  fact,  also,  is  evidenced  by  the  resuh,  that  the 
engine  was  proportionally  more  retarded  at  the  highest,  than  assisted  by  the 
wind,  at  tlie  lowest  velocity  *. 

The  disturbance  caused  by  the  wind  in  these  two  experiments  necessarily 
renders  Ihem  unfit  to  be  used  for  the  general  deductions  exemplified  in  the  four 
Means ;  and  for  instituting  particular  comparisons  on  the  effects  of  engines,  we 
are,  hereby,  forcibly  warned  of  the  necessity  of  using  those  results  only  which 
have  been  obtained  under  similar  circumstances.  It  is  possible  that  the  experi- 
ments marked  erroneous  may  have  been  affected   by  weather,  and  that  the 


*  Part  of  the  load  was  taken  up  the  Whislon  lacline  by  a  bank  engine,  for  which  a  deduc- 
tion )«  made  in  computing  the  mean  momcQtuiu  at  the  lower  velocity. 
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reported  data  were  correct ;  but,  if  such  were  the  case,  they  are  equally  unfit 
for  comparison  with  engines  not  influenced  by  those  causes. 

This  method  of  investigation  discloses  experimental  defects,  as  well  as  errors 
of  fact.  Of  the  latter  some  instances  have  been  noted,  and  having  already,  in 
explaining  the  objects  of  Table  XIII.,  referred  to  the  anomalous  results  of  the 
Fwryy  we  have  only  to  turn  to  the  comparative  analysis  in  Table  XIV.  to  be 
convinced  of  their  inaccuracy,  for  we  there  find  a  less  resistance  to  have  been 
encountered  at  the  higher  of  the  two  velocities,  and,  consequently,  that  a  gain 
instead  of  loss  of  effect  resulted.  Similar  anomalies  would  be  manifested  by 
reducing  the  other  experiments  marked  erroneous  to  the  terms  of  Table  XIV., 
and  by  comparing  No.  II.,  on  the  North  Star,  with  No.  III. ;  also.  No.  V., 
with  No.  IV. ;  No.  11.  of  the  ^olus  with  No.  III.,  &c.;  but  one  example  was 
sufficient  for  exposing  this  class  of  errors. 

In  conducting  railway  experiments — properly  so  called — it  is  important  to 
trim  the  same  engine  and  tender  to  the  same  weight  in  each  trial,  as  any  change 
in  the  amount  of  such  weight,  which  is  useless  load,  materially  alters  the  pro- 
duct of  usefiil  tractive  efTect.  It  will  be  seen  by  comparing  Experiments  II.  and 
V,  on  the  North  Star,  that  there  is  a  difference  in  the  weights  of  engine  and 
tender  of  no  less  than  3.33  tons ;  and  in  the  two  experiments  with  the  Lion 
of  3.43  tons.  There  is  a  notable  mistake  in  the  ^]olus.  Experiment  IV.,  the 
difference  being  18.42  tons  between  the  gross  and  useful  loads,  instead  of  28.41 
tons,  the  weight  of  engine  and  tender,  according  to  Mr.  Wood,  (p.  17,  of  his 
Report).  Either  the  gross  or  useful  load,  therefore,  is  misstated,  and  that  experi- 
ment ought  to  be  excluded  *. 

The  facts  practically  elicited  in  railway  traffic,  and  generally  well  appre- 
ciated by  the  managers  of  railways,  are  the  best  possible  indices  of  the  economy 
resulting  from  so  accommodating  the  load  to  the  intended  velocity,  that  the  engine 
shall  exert,  at  all  times,  as  nearly  as  may  be,  its  maximum  force.  The  Tables 
present  so  few  experiments  with  the  same  engine  at  like  velocities,  with  unlike 
loads,  that  but  few  comparative  results  are  afforded  by  them,  but  this  view  is 
corroborated  by  the  Neptune,  Experiments  I.  and  IL,  at  23 J  miles  per  hour,  and 
is  vbible  even  .with  so  small  a  difference  between  the  useful  loads  as  5.65  tons ; 
and  to  a  proportionally  greater  degree  by  the  Lion,  in  which  two  trials,  at  ve- 
locities nearly  identical,  the  loads  varied  in  weight  28.05  tons.     It  has  been 

*  This  ia  probably  a  clerical  error,  but  was  not  discovered  till  after  the  Tables  were  printed. 
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before  observed  that  these  engines,  dynamically  considered,  produced  respectively 
an  equal  naechanical  effect,  with  equal  power,  in  the  two  cases ;  but,  the  useful 
effect,  (Table  XIII.,  column  8,)  was  smaller  in  each  case,  with  the  lighter  load, 
the  light  load  being  saddled  with  the  same  useless  weight  of  engine  and  tender 
as  the  heavier  one,  and  equal  momenta  having  to  be  generated  by  a  like  expen- 
diture of  power,  to  realize  very  unlike  commercial  effects.  The  skilful  trimming 
of  loads  is,  therefore,  an  object  of  no  small  economical  consequence,  as  is  apparent 
on  the  great  scale  of  practice  by  comparing  the  cost  of  working  merchandize 
and  passenger  trains ;  and  it  is  still  more  evident  by  contrasting  the  locomotive 
expenses  on  well  filled  passenger  trains  on  some  railways,  ^vith  the  precarious 
amount  of  passenger  traffic  on  others. 

Under  the  head  of  experimental  defects,  detected  by  this  method  of  ana- 
lysis, may  be  classed  those  which  arise  out  of  referring  positive  fects  and 
data  to  imaginary  planes.  In  the  Leeds,  Experiment  I.,  the  engine  actually 
travelled  over  29i^  miles,  at  a  mean  velocity  of  18.63  miles  per  hour,  which 
multiplied  into  the  mass  moved,  reduced  to  the  terms  of  column  1 1,  Table  XIII. 
shews  an  absolute  momentum  acquired  of  2606.60.  M.  de  Pambour  in  his  itew 
data  for  the  same  engine,  using  the  same  experiment,  assumes  and  applies  for 
his  ideal  plane  a  velocity  of  20.34  miles  per  hour,  which,  with  the  same  mass, 
gives  a  momentum  of  2846.27.  He  corrects  tlie  consumption  of  water  by 
fth  for  waste,  making  its  consumption  0.8401b.  per  second;  which  being  ap- 
plied to  both  cases,  the  momentum  generated  by  1  lb.  of  steam  per  second  is  for 
the  1st,  or  real  case,  3103,09,  and  for  the  2d,  or  imaginary  one,  3388.41.  These 
sums  prove  the  insufficiency  of  the  method  of  reducing  the  real  facts  to  the  case  of 
an  ideal  dead  level ;  for,  it  is  impossible  that  the  same  load  should  be  moved  at  a 
greater  velocity  and  realize  a  greater  mechanical  effect,  than  at  a  lower  speed 
with  equal  power.  It  is  to  be  observed  too,  that  M.  de  Pambour  originally 
considered  the  29^  miles  as  a  level,  in  consequence  of  the  help  given  up  the  in- 
cline by  the  bank  engine;  so  that  two  different  levels,  giving  necessarily 
difl'erent  velocities,  have  been  used  by  him  for  the  same  case ;  nor  does  the  ad- 
ditional correction  for  water  referred  to  before,  (p.  101  of  this  paper,)  set  his 
fiCM?  da/a  to  rights  for  the  newly  assumed  level. 

The  same  observations  apply  to  the  two  cases  of  the  Ileda^  but  from  the 
care  taken  to  ascertain,  and  apportion  the  consumption  of  water  as  steam  in 
those  cases,  the  error  is  not  so  great  as  in  M.  de  Pambour*s ;  still  it  is  consider- 
able, for  the  mechanical  effects  produced  with  equal  power  at  the  two  velocities 
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are  equal :  but,  we  know  that  such  a  result  must  be  inaccurate,  and  it  arises 
£roin  not  applying  a  correction  for  the  increased  resistance  encountered  at  a 
higher  velocity,  in  the  reduction  of  the  acclivities  and  declivities  to  an  imaginary 
level.  The  assumed  d^d  level,  as  referred  to  time,  may  be  theoretically  correct, 
but  it  is  clearly  erroneous  to  superinduce  that  the  same  load  could  be  moved 
over  the  same  space  in  the  shorter  time,  by  the  same  expenditure  of  power 
actually  required  in  the  longer  time ;  for,  it  is  tantamount  to  saying  that  no 
additional  resistance  is  opposed  to  an  engine  at  high  than  at  low  velocities. 
The  value  of  a  theoretical  rule  is  its  sure,  useful  application  to,  and  agreement 
with  practical  &cts,  an  accordance  which  cannot  obtain  between  the  theoretical 
and  practical  results  of  the  working  of  an  ideal  and  actual  railway,  un- 
less all  the  circumstances  which  affect  the  latter  be  taken  into  account.  It  ap- 
pears from  the  experiments  digested  in  these  Tables  that  the  sum  total  of 
resistance  opposed  to  the  steam,  increases  in  about  the  ratio  of  the  velocity  of  the 
engine.  Should  that  fact  be  substantiated  by  subsequent,  and  more  careful 
experiments— or  whatever  its  amount  may  prove  to  be — it  must  be  applied  to 
the  reduction  of  levels,  or  theory  will  not  accord  with  practice. 

The  ascertainment  of  the  ratio  which  the  siun  total  of  resistance  opposed  to 
the  steam,  at  different  velocities  of  an  engine  and  train,  bears  to  the  ratio  of 
those  velocities — and  whether  such  ratio  be  uniform,  or  variable,  for  similar  dif- 
ferences at  all  comparative  velocities — are  problems  which  can  only  be  solved  by 
practical  experiments  on  the  power  expended  in  the  production  of  given  effects. 
Hitherto,  no  measure  of  dynamic  effect,  appropriate  to  the  characteristics  of 
locomotive  performance  has  been  discovered,  or  proposed,  to  which  the  expen- 
diture of  power,  or  efQciency  of  the  steam,  could  be  referred,  as  decisive  of 
the  relative  perfection  of  engines,  or  of  the  relatively  constructive  perfection 
of  railways.  It  has  escaped  notice  that  the  momentum  generated  by  the 
power  of  a  locomotive  is  the  characteristic  quality  of  its  functions ;  and  that 
it  comprises  all  the  mechanical  effect  of  which  any  account  can  be  taken,  or 
from  which  any  practical  useful  result  can  be  drawn. 

The  economic  properties  of  one  engine  are  strictly  comparable  with  those  of 
another,  by  ascertaining  the  momentum  which  each  can  generate  with  equal 
power,  at  equal  velocities.  Upon  tlib  faculty  of  the  engine  depends  the  amount 
of  useful  tractive  effect  which  can  finally  be  realized. 

That  engine  which,  with  the  least  power,  generates  the  greatest  momentum 
at  a  given  speed,  is  evidently  more  economical  of  steam  than  another  engine 
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producing  a  less  momentum.  It  is  the  belter  engine,  and  all  tilings  being  the 
same,  it  would  drag  a  greater  useful  load  with  the  same  power,  or  attain  a 
higlier  velocity  with  the  same  load. 

The  determination  of  the  performance  of  locomotive  engines  by  this  method, 
is  rendered  as  practicable,  as  exact,  and  as  demonstrative  of  their  relative  powers 
and  d3mamic  excellence,  as  the  determination  of  the  duty  done  by  pumping 
engines ;  and  the  phrase  inomentttm  possesses  the  advantage,  in  common  with 
the  term  dtthf,  of  being  a  true  expression  of  a  practical  effect.  The  amount  of 
momentum  is  derived  from  the  mass,  and  from  the  velocity  given  to  it,  two 
facts  which  are  more  easily  appreciated,  and  liable  to  less  error  than  the  mea- 
suring of  pumps,  lifts,  &c.,  necessary  for  ascertaining  the  duty  of  puinj)ing 
engines.  The  water  consumed  as  steam  being  contained  in  vessels  whose  capa- 
city is  readily  measurable,  no  difficulty  exists  in  ascertaining  the  expenditure 
of  power ;  and  the  computations  for  reducing,  and  comparing  the  results  are  of 
the  simplest  kind. 

Though  the  work  done  by  a  locomotive  may  be  reduced  to  the  terms  and 
expression  of  hwscx  power,  that  expression  is,  itself,  a  fallacy  ;  and,  until  some 
instrumental  means  of  accurately  detecting  the  pressure  within  the  cylinder,  and 
on  both  sides  of  the  piston,  be  made  applicable  to  this  engine,  the  determination 
of  horses'  power  must  rest  on  vague  data  obtained  from  without  the  c^^linder,  and 
can  only  l>e  based  on  estimations  of  resistance  which  vary  with  every  load, 
with  every  velocity,  and  which  carmot  be  submitted  to  any  positive  test  of 
truth. 

Eftects  of  a  like  nature  can  be  obtained  on  all  railways,  and,  with  proper 
precautions  in  the  conduct  of  the  experiments,  results  of  indisputable  exactitude 
would  be  obtained,  which  could  not  fail  to  exhibit  the  precise,  and  comparative 
state  of  excellence  of  the  engines  and  vehicles ;  for,  not  only  the  scientific  ef- 
fects, but  the  commercial  res\ilts,  dependent  on  the  constructive  perfection  of 
engines  and  vehicles  used  on  railways,  are  reducible  to  a  common  standard  of 
comparison  by  this  method. 

The  resistance,  (inclusive  of  friction,)  opposed  to  the  progress  of  one  engine 
and  tender  is  measurable,  in  respect  of  another  engine,  by  the  i)Owcr  relatively 
consumed  at  equal  velocities.  In  like  manner,  the  special  resistance  of  the  load 
is  ascertainable,  and  as  that  resistance  arises,  in  great  measure,  out  of  the  form, 
dimensions,  and  weights  of  the  vehicles  employed,  and,  as  the  final  commercial 
results, — it  may  be  said,  even,  the  commercial  prosjieritj' — of  railways  depend. 


STEAM-BOILERS  AND  STEAH-EMGINES.  141 

in  great  measure,  on  the  adaptation  of  the  vehicles  to  the  transport  of  the 
greatest  number  of  passengers,  or  of  the  greatest  weight  of  merchandise,  for 
the  least  weight  and  bulk  of  matter  set  in  motion,  the  importance  of  an  exact 
method  of  comparing  these  respective  qualities  will  be  apparent ;  for,  the  forms 
and  other  properties  of  the  vehicles  on  one  railway,  can  be  assimilated  to  those 
on  another  which  may  be  proved  to  offer  the  least  resistance  to  the  motive 
power. 

In  the  last  three  Tables  referred  to  I  have  disregarded  any  comparisons 
of  effect  by  the  consumption  of  coke.  No  measure  of  power  is  derivable  from 
the  weight  of  fuel  burnt,  its  effect  having  reference  solely  to  its  calorific  strength, 
and  to  the  qualities  of  the  boiler.  It  is  important  to  know  the  efficiency  of  the 
combustible,  but  the  efficiency  of  the  steam  can  alone  determine  the  qualities  of 
an  en^e.  If  the  coke  consumed  by  the  engines  of  the  Great  Western,  and 
London  and  Birmingham  railways  in  Table  XV.,  had  been  made  the  measure 
of  effect,  the  results  ^ould  have  been  8  per  cent,  less  in  favour  of  the  latter,  as 
the  coke  consumed  was  in  the  ratio  of  1  to  0.72,  and  the  water  as  steam  as  1 
to  0.64,  the  Great  Western  being  unity;  but  on  a  comparison  between  all  the 
engmes  in  the  Tables,  even  50  per  cent,  would  not  cover  the  difference  in  their 
evaporative  results. 
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Table  XV. 


MEAN  PBACTICAL  RESULTS  OF  SIX  EXPERIMENTS  ON  THE  GREAT  WESTERN, 
AND  SIX  EXPERUIENTS  ON  THE  LONDON  AND  BIRMINGHAM  RAILWAYS. 

AT  EQUAL  VELOCITIES. 


GREAT  WESTERN. 


LONDON  AND  BIRMINGHAM . 


GREAT  WESTERN. 


LONDON  AND  BIRMINGHAM. 


I 


UUet. 

27.02 
2G.90 


lUtia 

1.000 
0.993 


IP 


Tons. 
89.11 
67.79 


jTotubrlcu- 
.  bic  ft.  water. 

'    0.077 
;    O.B(»l 


Ratio. 

1.00 
0.70 


lUtlou 

1.00 
1.18 


Toat. 

62.33 
61.00 


lutio. 
1.00 
0.81 


Torn  by  lim- 
bic ft.  water. 

0.4735 
0.6028 


Ratio. 

1.00 


In 

hi 
III! 


Ha»  X  veloc. 

1545 
1821 


Tooa. 

26.78 
16.79 


Ratio. 

1.00 
1.1H 


Ratio. 
1.00 
062 


3 

SK 


Ft.     lib. 

7    CO 


Ratkk 
1.00 

0.66 


8 


ENGINES  AND  VELOCITIES  COMPARED. 


GREAT  WESTERN. 


Table  XIII. 

North  Star Experiment     I. 

Do IV. 

Neptune III. 


Mean 


Lick I. 

Apollo II. 

Vehos II. 


Mean  

Do.  of  the  six  Experiments 


Miles  per 
hour. 

18.63 
31.52 
20.77 


26.64 


22.28 
29.80 
30.16 


27.41 


27.02 


LONDON  AND  BIRMINGHAM. 

Tablr  XIU. 

Bury's  Enoihe Experiment    I. 

Do III. 

Do II. 

iVIean  

Harvey  Coube I. 

Do II. 

Do III. 

Mean  

Do.  of  the  six  Experiments 


Hilnper 
hour. 

19.42 
31.29 
29.82 


26.84 


21.85 
28.53 
30.51 


26.96 


26.90 


10  rum  MSB  14L 


WAHE  or  Evomx. 


Exp«rinaaiia  bj  M.  dk  PikKBOUm. 


ATLAS. 


.,J. 


I. 

IL 

III. 

IV. 


Table  XI 


ll 


Mllo. 

9,72 
15.00 
IQ.16 
24.07 


al. 

.11 


Cable 
fact 

4B.30 
4e.5J 

60.87 


20e,Q0 

1S£>.54 

d2,0fi 

42.30 


Table  XIV 

TV   PACK  MSB  142. 
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OF  THE  BLAST.  AND  THE  RESISTANCE  OCCASIONED  BY  IT. 

The  intensity  of  the  pressure  subsisting  on  the  opposite  side  of  the  piston 
from  the  blast  has  been  but  imperfectly  illustrated  by  writers  on  the  locomotive 
engine.  The  discharge  of  the  steam  has  been  likened  to  a  jet,  and  that  jet 
considered  as  continuous,  which  involves  a  contradiction,  or,  at  best,  a  confusion 
of  terms.  By  the  passages  subjoined  it  is  clearly  M.  de  Pambour's  opinion 
that  the  evacuation  of  a  cylinder  full  of  steam  has  a  duration  equal  to  that  of  a 
single  stroke  of  the  piston ;  for,  to  an  en^e  having  a  blast-pipe  orifice  ^th  of 
the  area  of  both  cylinders,  he  assigns  the  velocity  at  which  the  steam  escapes 
to  be  38  times  greater  than  that  of  the  pistons.  We  have  here  an  erroneous 
observation  of  the  phenomena  of  the  blast,  and  an  erroneous  determination  of  its 
velocity  *. 

Every  observer  can  appreciate  by  his  ear  that  an  interval  exists  between 
the  alternate  discharges  of  steam  from  the  two  cylinders.  The  interval  between 
three  discharges  marks  the  time  which  elapses  between  two  successive  dis- 
charges from  the  same  cylinder ;  thus,  the  period  between  two  discharges,  from 
the  same  cylinder,  comprises  the  time  of  one  discharge,  and  of  two  pauses. 
The  velocity  of  escape  is,  therefore,  as  much  swifter  than  that  assigned  to  it  by 
the  author,  as  the  difference  between  the  duration  of  a  single  jet,  and  the  period 
intervening  between  the  cessation  of  one,  and  the  commencement  of  another 
jet  from  the  same  cylinder.  That  these  jets  are  periodic,  and  not  continuous,  is 
distinctly  evidenced  by  the  audible  pulsations  in  the  chimney,  even  at  the  very 

*  "  With  an  orifice  2\  inches  in  diameter,  or  5  square  inches  area,  and  cylinders  of  1 1  inches 
diameter,  or  190  square  inches  total  area  ;  that  is  to  say,  with  an  oriBce  which  is  only  ^th  of 
the  area  of  the  cylinders,  we  see,  that  in  order  that  all  the  steam  may  get  out  by  that  passage,  its 
speed  in  passing  through  the  orifice  must  be  38  times  as  great  as  it  was  in  the  cylinder. 

"  The  velocity  of  the  jet  formed  in  the  chimney  will  then  be,  for  the  dimension  we  consider, 
equal  toSS  times  the  velocity  of  the  piston,  or  in  other  words,  equal  to  6^  times  the  speed  of  the 
engine,  the  latter  speed  being  nearly  six  times  as  great  as  that  of  the  piston. 

**  Thus  the  power  of  this  additional  means  will  be  greater  in  proportion  as  the  velocity  of 
the  engine  itself  will  be  more  considerable,"  &c.,— "  and  as  that  velocity  cannot  be  produced 
merely  by  the  tendency  of  the  steam  to  escape  into  the  atmosphere,  a  part  of  the  power  of  the 
engine  itself  must  necessarily  in  those  great  speeds,  be  spent  in  expulsing  the  steam  ;  that  is  to 
say,  in  blowing  the  fire  in  the  fire  place,"  &c. — {TretUiMC  on  Locomotivet,  page  247.) 
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highest  velocities  of  an  engine,  and  their  duration  may  be  measured  at  the  lower 
speeds.  Now,  supposing — what  is,  probablj',  the  fact — that,  at  some  certain 
velocity  of  the  piston,  the  duration  of  one  complete  evacuation,  or  cylinder  full, 
corresponds  with  the  period  of  the  interval  elapsing  between  it  and  the  next 
discharge  from  the  same  cylinder,  it  is  evident  that  the  velocity  of  the  jet,  in 
that  case,  would  be  exactly  twice  as  great  as  the  velocity  assigned  to  it  by 
M.  de  Pambour*s  theory. 

It  is  important  to  have  a  clear  perception  of  the  intermittent  action  of  the 
blast ;  for,  upon  that  action  depend,  in  great  measure,  the  resulting  pressure 
against  the  piston,  and  the  production  of  a  sufficient  current  of  air  through  the 
fire,  both  which  effects  would  be  materially  changed  in  intensity,  by  the  sub- 
stitution of  a  continuous  for  a  periodic  current. 

On  opening  the  eduction  valve  the  compressed  steam  in  the  cylinder  exerts, 
for  an  instant,  its  maximum  pressure  against  the  piston,  but,  by  virtue  of  its 
elastic  force  it  expands  with  immense  rapidity,  and  quits  the  cylinder  at  a  velo- 
city as  much  greater  than  that  of  the  motion  of  the  piston,  as  would  be  expressed 
by  multiplying  the  difference  between  the  areas  of  the  cylinder,  and  of  the 
blast -pipe  orifice,  into  the  difference  between  the  time  occupied  in  the  escape  of 
the  steam,  and  the  duration  of  a  stroke  of  the  pistou.  Assuming,  for  an  ex- 
ample, that  a  single  discharge  is  effected  in  ^th  of  the  time  of  a  single  stroke,  the 
velocity  of  the  jet  into  the  chimney  would  be  19  x  4  (for  the  dimension  of  cy- 
linder and  blast  orifice  cited  by  M.  de  Pamljour,)  or  76  times  as  great  as  the  ve- 
locity of  the  piston,  but  the  true  ratio  between  them  cannot  be  known,  imtil 
the  exact  duration  of  a  jet  be  determined  for  different  speeds  of  the  piston,  and 
for  different  acting  pressures  of  steam.  It  will  be  obser\^ed  that  the  velocity  of 
the  jet  is  here  considered  as  that  from  a  single  cylinder,  not  from  both  cylinders 
as  by  M.  de  Pambour.  Half  the  steam  ejected  from  the  cylinders  on  the  above 
supposition  of  the  periods  of  blast  and  of  pause,  gives  twice  the  speed  assigned 
by  the  author,  and  as  the  jets  from  the  two  cylinders  alternate,  the  real  velocity 
of  the  blast  must  be  calculated  on  that  from  a  single  cylinder. 

Although  experiments  are  requisite  for  determining  the  precise  duration  of 
the  jet,  or  the  time  occupied  by  the  steam  in  evacuating  the  cylinder,  its  period 
is  ascertainable  within  a  definite  limit. 

The  ear  and  tl»e  eye  distinguish  the  lapse  of  a  sensible  interval  of  time  be- 
tween every  two  discharges,  and  these  discharges  proceed  from  two  cylinders. 
The  two  engines — for  the  locomotive  carries  two — are  so  combined  that  a  dis- 
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charge  from  the  one  commences  at  the  half  stroke  of  the  piston  of  the  other,  or 
at  periods  definitively  marked  b}'"  spaces  of  90  degrees  on  the  revolution  of  the 
crank  shaft,  during  which,  four  complete  blasts  occur.  The  consequence  is  that 
we  know  a  single  discharge  to  be  completed  within  the  time  occupied  by  the 
pistou  in  accompUshing  a  half  stroke,  or  before  the  piston  has  traversed  half  the 
length  of  the  cylinder ;  yet,  the  discharges  are  audibly  distinct,  and  the  pause 
between  one  discharge  and  its  successor  is  perceptible.  This  pause  may 
equal,  or  it  may  be  longer  or  shorter  than  the  duration  of  the  jet,  but  we  see 
that  a  single  blast  cannot  occupy  the  fourth  part  of  the  time  of  the  revolution 
of  the  crank  shaft,  and  that,  very  probably,  it  does  not  exceed  the  eighth  part, 
or  the  period  of  a  quarter  stroke  of  the  piston.  It  must  be  also  borne  in  mind 
that  the  same  principle  holds  good  at  all  velocities  of  the  engine. 

Under  no  circumstances,  therefore,  does  the  pressure  from  the  blast  oppose 
the  piston  much  longer  than  during  the  fourth  portion  of  its  course ;  its  intensity 
is  at  a  maximum  at  the  instant  of  the  commencement  of  a  return  stroke,  at 
which  time  the  piston  is  at  its  slowest  speed ;  and  its  minimum  occurs  at  the 
instant  of  the  completion  of  tl»e  discharge :  the  mean  of  these  two  pressures — 
"  which  cannot  exceed  the  half  of  that  of  the  active  steam — operates,  therefore, 
as  a  retarding  force  during  a  period  of  loss  than  that  of  the  half  stroke;  and,  pro- 
bably, it  never  exceeds  in  pressure  the  fourth  of  the  intensity  of  the  active 
Steam,  reckoned  upon  the  whole  stroke,  with  the  usual  dimensions  of  the  blast- 
pipe  orifice.  Upon  this  supposition,  and  with  an  active  pressure  of  30  lbs.  per 
squiire  inch,  the  mean  resistance  from  the  blast  would  not  be  greater  than 
T^Ibs. ;  and,  with  half  that  active  pressure,  or  15  lbs.,  it  would  not  exceed 
Sj  lbs.  per  square  inch  against  the  pistons. 

Before  proceeding  to  cite  some  observations  and  experiments  which  will  tend 
to  corroborate  this  argument,  I  may  conclude  the  remarks  upon  the  nature  of 
the  blast  in  urging  the  fire,  the  process  for  which  alone  it  is  intended  The 
evacuation  of  the  contents  of  the  chimney,  by  the  periodic  blasts  of  steam 
through  it,  eflects  this  object ;  a  continuous  discharge  of  steam  into  the  chimney 
would  defeat  it,  as  the  chimney  could  not  be  occupied  by  steam,  and  by  the 
products  of  combustion  at  the  same  time.  A  succession  of  discharges,  and  a 
succession  of  intervals,  are,  therefore,  essential  to  the  success  of  the  process,  for, 
from  the  expansive  and  condensible  nature  of  steam,  a  temporary  and  partial 
vacuum  is  formed  in  the  chimney  on  the  cessation  of  a  discharge,  which  is  al- 
most instantaneously  replenished  by  the  pressure  of  the  air  uito  tlie  fire,  and 
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through  the  boiler ;  another  discharge  takes  place,  the  chimney  is  again  eva- 
cuated of  its  contents,  and  so  on.  Thus,  the  jets  of  air  into  the  fire  alternate 
with  the  jets  of  steam  into  the  chimney. 

It  is  practically  found  that,  at  high  velocities  of  the  engine,  evaporation  is 
accelerated;  consequently  the  fire  is  urged  to  more  intense  action,  and  the  com- 
bustion of  the  fuel  is  more  rapid  in  a  given  time.  This  result  is  the  natural 
effect  of  velocity  in  the  engine ;  for,  the  number  of  discharges  of  steam  into  the 
chimney  is  proportional  to  the  speed  of  the  piston ;  the  number,  therefore,  of 
jets  of  air  into  the  fire  is  augmented  in  like  proportion :  perhaps,  also,  the  dura- 
tion of  the  jet  into  the  fire  is  longer,  with  respect  to  that  of  the  jet  of  steam 
into  the  chimney,  at  high  than  at  low  velocities ;  for,  though  a  cylinder  full,  or 
an  equal  measure,  composes  the  volume  of  the  jet  of  steam  at  all  velocities,  its 
density  varies  with  the  speed  of  the  engine,  (under  the  ordinary  circumstances 
of  railway  traffic,)  and  the  rate  of  expansion,  or  relative  duration  of  a  discharge 
rnay  be  influenced  by  it.  The  less  dense  steam  may,  therefore,  occupy  less 
time  in  escaping  from  the  cylinder,  than  the  more  dense  steam.  Supposing 
such  to  be  the  case,  the  frequency  of  the  discharges  would  not  only  be  increased 
in  the  ratio  of  the  velocity  of  the  piston,  but  the  interval  between  the  dis- 
charges, or  the  time  given  for  air  to  enter  the  fire,  would  be  also  increased ; 
whence,  the  increased  evaporative  power  of  the  boiler. 

It  is  the  frequency  of  the  jets  into  the  chimney  which  enables  a  locomotive 
boiler  to  vaporize  as  much  water  in  a  given  time  at  a  high,  as  at  a  low  velo- 
city ;  but,  in  order  that  it  should  vaporize  more  water  in  equal  times,  some 
additional  cause  seems  to  be  required,  for  more  air  must  be  admitted  to  the  fire, 
inasmuch  as  the  combustion  of  the  fuel  must  be  swifter.  We  must,  therefore, 
suppose  either  the  vacuum  left  in  the  chimney  at  the  higher  velocity  to  be  some- 
what greater  than  at  a  lower  speed,  or  the  discharge  to  be  more  swiftly  effected, 
so  as  to  increase  the  relative  length  of  the  intervals  between  tlie  discharges. 
The  fact  that  an  equal  evaporation  can  be  maintained  at  high,  as  at  low  speeds, 
shews  the  jet  of  lower  steam  to  be  equally  as  effective  as  the  jet  of  higher 
steam ;  and  tiiis  fact  is  consistent  with  the  office  of  the  jet,  which  being  little 
more  than  that  of  emptying  the  chimney  of  its  contents,  a  cylinder  full  of 
steam  at  15  lbs.,  or  much  less  pr&ssurc,  would  be  as  efficient  as  the  same 
measure  at  50  lbs.  per  square  inch. 

The  engine  under  my  charge  (previously  referred  to  p.  78,  and  upon 
the  boiler  of  which,  described   p.  7U  the  experiments  wore   made  on  the 
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constituent  heat  of  steam)  furnished  a  favourable  opportunity  for  investigat- 
ing the  effect  of  the  blast  in  increasing  resistance.  The  cylinders  were  10  inches 
diameter,  stroke  24  inches,  velocity  of  piston  240  feet,  or  60  double  strokes  per 
minute.  The  cylinders  being  fixed  horizontally  on  each  side  of  the  fire-box  of 
the  boiler,  and  the  blast-pipes  joined  to  their  under  sides,  the  latter  were  not  less 
than  10  feet  long  from  their  junction  with  the  cylinders  to  their  termination  in 
the  chimney.  These  pipes  imited  at  the  smoke  box,  were  3  inches  diameter, 
and  the  blast  orifice  was  2^  inches.  A  fly  wheel  7  feet  diameter,  weighing 
14cwt.,  and  having  65  revolutions  per  minute,  was  driven  by  the  crank  shaft, 
the  movement  of  the  machine  which  carried  the  engines,  and  to  which  they 
gave  locomotion,  being  too  slow  (viz.,  5  feet  per  minute)  to  enable  the  cranks 
to  pass  the  centres  smoothly  without  additional  momentum. 

I  was  able  to  assign  certain  loads  to  the  engines  which,  at  the  above  velocity, 
severally  required  1-J,  4,  8,  15  and  20  lbs.  pressure  per  square  inch  on  the 
pistons  to  overcome  them.  The  friction  of  the  engines,  unloaded,  was  balanced 
by  1  i  lb.  of  steam  ;  they  stopped  with  1  lb.  This,  like  all  the  other  piston  pres- 
sures here  spoken  of,  is  to  be  considered  as  denoted  by  that  in  the  boiler,  main- 
tained, on  experimental  occasions,  at  the  degree  which  would  just  balance  the 
load,  at  the  common  velocity  of  60  strokes  per  minute.  It  is  probable,  at  this 
moderate  speed  of  the  pistons,  that  the  elasticity  of  the  steam-  in  the  cylinders 
coincided  very  nearly  with  that  in  the  boiler.  It  has  been  before  stated  that 
a  themiometric  steam-gauge  was  attached  to  the  boiler,  which  gave  sure  indi- 
cations of  the  pressure  within  it. 

The  immediate  cause  of  my  entering  on  these  experiments  is  worth  men- 
tioning. I  one  day  observed  the  mechanic  in  care  of  the  machine,  whilst  pre- 
paring for  work,  opening  and  shutting  the  grease  cocks  of  a  cylinder,  and  giving 
ml  to  the  piston.  Tlie  enp^nes  were  then  working  without  load,  and  it  was 
evident  that  a  small  vacuum  existed,  after  the  blast,  or  the  oil  would  have  been 
blown  back  instead  of  entering  the  cylinder.  This  fact,  the  possibility  of  which 
had  not  before  struck  me,  induced  me  forthwith  to  order  another  gauge  from 
Mr.  Adie,  which  was  fixed  on  one  of  the  blast-pipes,  in  a  convenient  place  for 
constant  observation,  about  2^  feet  from  its  junction  with  the  cyUnder,  the  bulb 
being  exposed  to  the  full  current  of  the  escaping  steam.  This  instrument  de- 
tected the  fact  of  a  vacuum  by  marking,  usually,  a  temperature  of  from  208"  to 
210*,  or  about  1  lb.  per  square  inch  below  the  atmospheric  pressure,  the  active 
steam  on  the  piston  being  l^^b.  above  it.     VVheu  the  engine  was  driven  at 
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double  velocity,  or  at  120  revolutions  per  minute,  at  which  speed  it  required 
about  3^  lbs.  of  steam,  the  thermometer  rose  to  211*,  and  when  locomotion  was 
given  to  the  machine  at  the  usual  velocity  of  60  revolutions  of  the  crank  shaft, 
and  requiring  4  lbs.  in  the  boiler,  the  blast  thermometer  stood  at  212°,  exhibit- 
ing a  pressure  equal  to  the  atmosphere  only.  At  8  lbs.  on  the  piston,  a 
counter  pressure  of  about  2  lbs.  was  exhibited,  at  15  lbs.,  about  4  lbs.,  and  at 
20  lbs,  the  blast  thermometer  indicated  6  lbs.,  beyond  which  point  I  was  unable 
to  load  the  engines. 

At  all  these  pressures  a  phenomenon  was  visible  which  was  to  be  expected, 
viz.,  small  and  continual  oscillations  of  the  mercury  in  the  thermometer,  for  it  is 
clear  that,  at  the  rapidity  with  which  the  discharges  succeed  each  other,  suf- 
ficient time  is  not  allowed  for  the  mercury  to  assume  either  the  maximum  or 
minimum  degree  of  temperature  of  any  one  blast.  Nothing  could  be  gathered 
from  a  syphon  gauge  applied  to  the  pipe  at  the  same  point  A^dth  the  thermometer, 
as  the  mercury  was  kept  in  a  state  of  incessant  and  violent  oscillation.  I  may 
also  notice  another  fact  well  known  befcire,  but  well  shewn  by  the  blast  thermo- 
meter, viz.,  that,  at  whatever  pressure  the  steam  existed  in  the  boiler,  the  blast- 
thermometer  always  marked  the  same  degree  for  the  same  load  and  velocity, 
proving  thereby  that  steam  invariably  assumes  in  the  cylinder  of  an  engine  the 
pressure  due  to  the  load.  Under  all  the  loads  cited  I  have  worked  the  engines 
at  their  regular  velocity,  with  steam  in  the  boiler  from  50  lbs.  dovviiwards,  and 
the  blast  thermometer  always  gave  the  same  indications  as  when  the  steam  in 
the  boiler  was  only  of  just  sufficient  force  to  overcome  the  load.  I  have  also 
repeatedly  worked  the  engines  alone,  and  under  each  of  the  above  loads,  with 
greatly  varying  velocities,  and  the  blast  thermometer  instantly  rose  with  an 
increase  of  pressure  in  the  cylinders,  and  as  instantly  fell  by  partially  closing 
the  regulator,  thereby  reducing  the  pressure,  and  with  it  the  vehx^ity  of  the 
pistons.  It  is,  thus,  manifest  that  the  counter  resistance  from  the  blast  aug- 
ments and  diminishes  with  the  pressure  on  the  pistons,  and  that  it  is  independ- 
ent of  the  velocity  of  the  piston  ;  for,  in  all  these  observations  it  only  rose  with 
the  velocity,  Avhen  the  pressure  was  also  increased. 

It  has  been  assumed  by  M.  de  Parabour,  Mr.  Wood,  and  Mr.  Robert 
Stephenson,  it  is  also,  I  believe,  a  generally  received  doctrine,  that  the  pressure 
from  the  blast  increases  with  the  velocity  of  the  railway  locomotive;  the 
active  pressure  on  the  piston  being  presumed  to  be  less  at  high,  than  at  low 
speeds.     No  experiments  are  stated  by  any  one  of  these  authors  to  justify  their 
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hypothesis ;  and  an  inference,  as  to  blast  pressure,  founded  on  the  increased 
evaporative  power  of  the  boiler  at  the  higher  velocities  of  the  engine,  cannot 
be  admitted  as  consequent ;  for,  increased  evaporation  simply  denotes  an  effect 
arising  from  more  frequent  discharges  into  the  chimney,  an  eflFect  which  proves 
nothing  as  to  pressure  against  the  piston.  The  &ct  of  a  greater  resistance  ac- 
companying the  discharge  of  low,  than  of  high  steam,  cannot  be  admitted 
without  proof  obtained  from  demonstrative  experiments ;  for,  it  seems  to  be 
contrary  to  the  nature  of  steam,  and  is  imsupported  by  a  single  argument,  or  a 
single  experiment. 

The  "some  hundreds  of  experiments"  referred  to  by  M.  de  Pambour,  (pp. 
90  and  91,  New  Tlieory  of  tJie  Steam  En^ne,)  and  which  he  says,  "  will  be 
found  related  in  the  second  edition  of  our  Treatise  on  Locomotives  "—but  which 
second  edition  has  not  yet  been  published — ^were  made  "  by  the  application  of  a 
thermometer,  and  of  an  air-gauge  or  manometer  to  the  pipe  through  which  the 
steam,  after  having  terminated  its  action  in  th^  engine  escaped  into  the  atmo- 
sphere." In  this  respect  they  resemble  the  experiments  above  related,  but  in 
the  pages  cited  which  contain  this  passage,  the  author  only  states  his  conclu- 
sions that  the  temperature  of  the  escaping  steam  truly  indicates  its  pressure,  in 
which  we  are  agreed.  He  has  left  us,  for  the  present,  in  the  dark -as  to  the 
data,  and  reasoning  on  which  he  grounds  hb  assertion  (p.  161,  same  JVork,) 
that  the  resistance  caused  by  the  blast  increases  in  the  direct  ratio  of  the 
velocity  of  the  piston.  I  may  here,  also,  observe  that  he  has  left  us  equally 
at  &ult  for  the  data,  and  experiments  on  which  he  grounds  his  conclusion  that 
the  resistance  to  a  train,  from  the  air,  increases  as  the  square  of  the  velocity. 

The  foregoing  experiments  on  the  blast  were  commenced  in  the  autumn  of 
1836  ;  they  were  witnessed  by  many  engineers  and  mechanics  ;  in  fact,  the  two 
thermometric  gauges  formed  part  of  the  apparatus  of  the  engines ;  every  time 
they  were  worked,  observations  of  the  thermometers  took  place,  and  an  experi- 
ment may  be  said  to  have  been  daily  made ;  but  I  have  yet  to  relate  two 
others,  of  a  still  more  satisfactory  nature,  on  the  same  engines. 

Reflecting  on  its  indications,  it  struck  me  that  the  blast  thermometer  could 
not  very  acciu-ately  determine  either  the  maximum  or  minimum  tempera- 
tiu-e  of  the  steam  in  the  pipe ;  and  that,  with  still  less  certainty,  could  it  indi- 
cate the  mean  pressure  of  the  steam,  during  an  entire  stroke  in  the  cylinder ;  for 
the  pipe,  with  respect  to  a  cylinder,  can  only  be  considered  as  a  cock  with  re- 
spect to  a  boiler.    So  great  is  the  well  known  rapidity  of  expansion,  that  steam 
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of  a  higher  pressure,  in  passing  from  a  denser  to  a  rarer  medium,  as  from  a 
boiler  into  the  atmosphere,  instantly  falls  considerably  below  the  temperature  of 
the  boiling  point  This  is  a  condition  of  tlie  issuing  steam,  but  the  elasticity 
within  the  steam  receptacle,  whether  it  be  a  boiler  or  a  cylinder,  cannot  be  ac- 
curately ascertained  by  the  temperature  or  pressure  of  the  steam  without  the 
receptacle — however  large  the  orifice  of  exit  tlirough  a  pipe  communicating 
with  the  atmosphere — for  the  diminishing  pressure  withm  the  cylinder  must 
always  have  a  relation  to  the  capacity  of  the  cylinder,  and  to  the  rapidity  of 
the  evacuation.  It  must  also  be  observed,  that  the  piston  of  an  engine  is  in 
motion  during  the  discharge,  and  that  its  effect  must  be,  whilst  assisting — for 
however  short  a  time — in  the  expulsion  of  the  steam,  to  compress  it  in  some 
degree.'  Neither  a  thermometer,  nor  any  other  instrument  placed  without  the 
cylinder  seemed  to  me,  for  these  reasons,  to  possess  the  faculty  of  truly  indi- 
cating the  pressure  of  the  steam,  at  any  one  instant,  within  the  cylinder,  I 
considered  the  thermometer  to  have  marked,  within  certain  limits,  the  pressure 
in  the  blast-pipe,  but  not  in  the  cylinder,  and  as  I  could  not  apply  an  indicator 
to  the  latter,  I  determined  on  employing  another  method  of  arriving  at  the 
exact  pressure  occasioned  by  the  blast.  This  method  was  the  synthetical  one 
of  working  the  same  loads,  at  the  same  velocity,  both  with  and  without  the 
blast,  which  would  give  certain  results,  and  free  the  question  from  all  possible 
error,  and  all  doubt.  An  opportunity  occurred  for  performing  these  experiments 
in  November  1837;  they  were  tried  on  loads  requiring,  with  the  blast,  20 
and  15  lbs.  pressure  per  square  inch  on  the  piston,  respectively,  in  the  following 
manner : — 

Preparation  was  made  for  removing  the  blast-pipes  at  an  instant's  notice, 
by  loosening  the  flaunch  screws,  as  I  well  knew  an  experiment  could  not  be 
long  continued  without  blast,  and  with  peat  for  fuel,  which  I  was  using  at 
the  time.  The  pressure  in  the  boiler  being  brought  accurately  to  20  lbs.,  and 
the  engines  working  at  their  proper  velocity,  the  pipes  were  released  by  attend- 
ants ;  the  engines,  as  might  be  expected,  were  for  an  instant  accelerated,  but 
with  the  regulator  in  my  hand,  were  immediately  restrained;  the  steam  soon 
began  to  fall  in  the  boiler,  the  throttle  valve  was  opened  in  proportion,  and 
when  fully  opened,  the  engines  making  60  strokes  per  minute,  the  thermometric 
steam-gauge  on  the  boiler  exhibited  16  lbs.,  instead  of  20  lbs.  required  with 
the  blast :  4  lbs.  pressiu-e  per  square  inch  was,  therefore,  the  true  resistance  of 
the  blast,  instead  of  6  lbs.  as  previously  indicated  by  the  blast-pipe  thermo- 
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meter.    The  engines  were  allowed  to  work  till  the  load  pulled  them  up,  when 
the  pressure  in  the  boiler  was  at  1 4  lbs. 

The  steam  was  again  raised,  and  the  experiment  repeated  with  similar 
results. 

The  load  was  then  changed  for  that  requiring  1 5  lbs.  with  the  blast,  and 
I  commenced  the  experiment  at  that  pressure,  with  which  the  engines  freely 
started  their  load.  The  thermometer  marked  12  lbs.  as  the  elasticity  of  the 
steam  when  it  had  unrestrained  admission  to  the  cylinders,  and  the  engines 
their  stated  velocity.  The  mean  resistance  of  the  blast  at  this  load  was, 
therefore,  3  lbs.,  instead  of  4  lbs.  indicated  by  the  blast-pipe  thermometer. 
The  engines  were  pulled  up  at  lOjlbs. ;  a  repetition  of  the  experiment  pro- 
duced precisely  similar  results. 

The  blast-pipes  were  then  replaced,  the  above  loads  severally  hdd  on,  and 
the  pressures  in  the  boiler  and  blast-pipe  ascertained  to  be  the  same  as  previously 
indicated. 

I  have  regretted  that  I  did  not  seize  the  same  opportunity  of  trying  the 
effects,  without  blast,  at  still  lower  pressures,  as  I  have  not  since  been  able  to 
renew  them ;  but  they  are  comparatively  unimportant,  particularly  as  respects 
their  bearing  on  the  railway  locomotive ;  the  operation,  too,  was  not  a  little 
fatiguing  and  unpleasant,  from  my  being  half  smothered  by  the  steam  and  spray 
which  escaped  from  the  cylinders. 

It  was  thus  determined,  by  conclusive  experiments,  that  J-th  of  the  power  of 
the  engine  was  absorbed,  at  a  working  pressure  of  20  lbs.  upon  the  inch,  to 
blow  the  fire;  and  the  same  at  15 lbs.  The  length  of  stroke  being  greater  in 
my  engine  than  in  the  ordinary  locomotive,  would  ^ve  a  result  at  all  pressures, 
probably  somewhat  lower  for  blast  resistance  than  at  shorter  strokes,  but  the 
length  of  pipe  would,  perhaps,  be  against  them.  These  experiments  require, 
however,  to  be  much  more  varied  before  it  can  be  safely  concluded  that  the 
same  engine  loses  power  from  the  blast,  in  the  ratio  of  the  pressure  upon  the 
piston,  which  is  the  result  of  the  experiments  cited.  The  indications  of  the 
blast-pipe  thermometer  seem  to  me  to  have  denoted  that  a  less  proportional  re- 
sistance occurs  at  very  low,  than  at  very  high  pressures. 

The  ingenious  mechanic  cannot  fail  to  perceive,  from  the  illustrations  here 
presented  of  the  phenomena  of  the  blast,  as  they  affect  both  resistance  and 
combustion,  that  considerable  economic  improvement  may  be  made  in  its  action; 
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it  is  a  species  of  blower  which  has  the  merit  of  simplicity,  but  it  is  a  very  costly 
appendage  to  a  locomotive  engine. 

Recurring  to  the  velocity  of  the  blast  at  its  issue  into  the  chimney,  I  am  able 
to  assigTi  its  speed,  very  nearly,  for  the  engines  on  which  these  experiments 
were  made.  It  has  been  already  shewn  to  be  a  condition,  that  the  duration  of 
a  single  jet  cannot  exceed  that  of  a  half  stroke  of  the  engine.  A  double  stroke 
was  elFected  each  second,  consequently  a  half  stroke  was  completed  in  the 
fourth  part  of  a  second.  A  small  hole  was  perforated  at  the  lowest  point  of 
the  under  side  of  the  blast-pipes,  to  allow  the  condensed  water  to  escape, 
which  formed  in  considerable  quantities  in  the  cylinders  and  pipes  at  first  start- 
ing the  engines,  and  from  the  following  cause.  The  blast-pipes,  on  entering  the 
smoke  box,  passed  through  2  feet  of  water,  below  the  cylindrical  part  of  the 
boiler,  wliich  was  always  kept  full,  to  cool  by  its  evaporation  the  part  of  the 
smoke  box  exposed  to  the  current  of  heated  air  from  the  5  boiler  tubes  pre- 
viously described.  These  holes  were  near  the  cylinders,  and  could  be  opened 
and  closed  at  will ;  a  small  jet  was  given  out  by  them,  of  equal  duration  with 
that  into  tlie  chimney,  which  served  me  as  a  test  of  the  latter,  as  follows ; — 
Holding  a  fine  steel  marker  against  the  gland  of  the  slide  valve,  I  could  observe 
the  commencement  and  termination  of  the  little  jet,  and  mark  their  instants  on 
the  spindle  as  it  traversed,  without  removing  the  eye ;  and,  the  motion  of  the 
spindle  being  the  coimterpart  of  the  piston,  the  duration  of  the  blast  was  mani- 
fested by  the  marks,  on  measuring  the  portion  occupied  on  the  entire  stroke  of 
this  valve  spindle.  Repeated  observations  of  this  kind  demonstrated  that  the 
discharge  was  efiected  in  about  ^th  of  the  period  of  a  single  stroke,  or  in  about 
^h  of  a  second ;  there  was,  consequently,  an  interval  of  |th  of  a  second  between 
the  texminalion  of  a  discharge  from  one  cylinder,  and  the  commencement  of  a 
discharge  from  the  other  cylinder,  as  the  eduction  valve  of  the  latter  would  be 
opened  at  the  half  stroke  of  the  former,  which  half  stroke,  at  the  velocity  of 
60  revolutions  j>er  minute,  was  performed  in  :Jth  of  a  second. 

The  escape  of  the  steam  from  the  cylinder  was,  thus,  4  times  swifter  than 
the  motion  of  the  piston ;  the  areas  of  the  cylinder  and  blast  orifice  were  to 
each  other  as  19.783  to  1,  expressing  also  the  ratio  of  the  relative  velocity  of 
the  steam  out  of  the  cylinder,  and  into  the  chimney.  The  steam,  therefore, 
issued  from  the  blast  orifice  79.13  limes  faster  than  the  piston  moved  in  the 
same  time ;  and  the  piston  travelled  6  inches  in  |th  of  a  second ;  data  which 
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will  be  found  to  give  316^  feet  per  second,  or  SI 5  miles  per  hour  as  the  rate  of 
velocity  of  a  single  jet  of  steam  into  the  chimney. 

This  determination  of  the  velocity  of  the  blast  jet  is  a  mere  statistical  feet 
&om  particular  dimensions  of  engine,  working  at  a  given  speed.  High  num- 
bers always  astonish,  and  they  are  often  cited,  whether  useful  lor  not ;  but  as 
incorrect  methods  had  been  employed  to  ascertain  similar  data,  and  deductions 
from  such  data  had  been  made  the  basis  of  fallacious  reasoning,  both  as  regards 
the  velocity  of  the  current  of  heat  into  the  chinmey,  and  blast-pressure,  no 
apology  is  necessary  for  my  stating  the  foregoing  facts.  To  render  them  useful, 
and  connect  them  with  the  action  of  the  currents  of  air  into  the  fire,  and  into 
the  chimney,  another  series  of  experiments,  and  a  diiferent  method  of  investi- 
gation would  be  required. 

OF  THE  EXPENDITURE  OF  POWER  FOR  A  GIVEN  EFFECT  BY  FIXED  AND 
LOCOMOTIVE  NON-CONDENSING  ENGINES. 

But  few  direct  and  conclusive  experiments  appear  to  have  been  made  on 
the  expenditure  of  steam,  for  a  given  effect,  by  non-condensing  engines.  Of  the 
two  in  Table  VI.,  Experiment  III.  is  the  most  satisfactory,  as  I  had  opportuni- 
ties of  submitting  that  engine  to  very  frequent  trials ;  nevertheless,  the  method 
employed* of  ascertaining  the  pressure  was  not  so  perfect  as  might  be  wished,  as 
I  had  no  indicator.  The  absolute  pressure  on  the  piston,  with  the  engine 
loaded,  was  14 lbs.  per  square  inch*;  its  friction,  unloaded,  was  overcome 
by  4.45  lbs.,  leavbg  9.55  lbs.  as  the  effective  pressure. 

By  comparing  the  volumes  of  steam  and  water  consumed  per  minute,  by 
this  engine,  we  have  the  ratio  of  749  to  1,  giving  the  pressure  corresponding 
with  it  in  M.  de  Pambour's  table,  as  21.13  lbs.  above  the  atmosphere.  This 
ratio  should  have  been  771  to  1,  for  perfect  agreement  between  the  elasticity 
deduced  from  these  comparative  volumes,  and  that  denoted  by  the  instrument 
employed  ;  an  identity  which  would  be  obtained  by  augmenting  the  volume  of 
steam  by  -^th  for  the  ineffective  quantity  contained  in  the  passages,  &c.,  an 
amount  not  considered,  as  I  could  not  measure  it.  A  nearer  approximation  to 
perfect  agreement  between  the  indications  of  the  test  per  volume,  and  the  real 
consumption  of  an  engine  can  rarely  be  made. 

•  Throughout  this  paper,  the  term  absolute  pressure  is  used  in  contradistinction  to  effective 
pressuref  and  exclusive  of  the  value  of  the  atmosphere,  or  14.71  lbs.  per  square  inch,  except 
when  specially  mentioned. 
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The  absolute  power  of  this  engine  was  29.S2  horses,  and  its  effective  force 
SO  horses,  which  were  respectively  accomplished  by  the  consumption  of  81.85, 
and  120  lbs.  of  water  as  steam  per  horse-power  per  hour. 

It  is  usually  found  that  J-th  of  the  total  power  is  absorbed  by  the  friction 
of  a  good  condensing  engine ;  a  proportion  which  would  shew  tlie  Albion  Mills 
engine  (Experiment  V.  Table  VI.)  to  have  exerted  an  absolute  force  of  62^ 
horses,  obtained  by  the  expenditure  of  55.60  lbs.  of  water  as  steam  per  horse 
per  hour ;  its  effective  power  being  60  horses,  and  the  consumption  of  water 
70  lbs.  per  horse  per  hour. 

The  ratio  of  expenditure  of  power,  for  equal  useful  effects,  between  these 
two  engines — ^so  loaded — was,  therefore,  as  70  to  120,  or  as  1  to  1.71. 

In  the  Appendix  to  a  highly  ingenious  and  philosophical  "  Report  on  Rail- 
ways" made  by  my  late  esteemed  friend,  Mr.  Charles  Sylvester,  of  Derby,  and 
addressed  to  Charles  Lawrence,  Esq.,  of  Liverpool,  in  1824,  will  be  found  a 
learned  disquisition  on  the  relative  consumption  of  power  by  the  above  two 
classes  of  engine.  Mr,  Sylvester's  knowledge  and  accurate  theoretical  analysis 
of  the  subject,  are  shewn  by  the  close  accordance  of  his  conclusions  with  the 
facts  established  on  these  two  engines,  at  their  respective  working  pressures,  viz.. 
"  that  the  relative  economy  of  the  condensing,  and  non-condensing  engines,  will 
be  as  the  quantities  of  steam  consumed,  or  as  1  to  1.72."  These  deductions 
were  drawn  from  calculations  on  a  condensing  engine  supposed  to  be  loaded  to 
Walt's  standard — similar  to  the  Albion  Mills  engine — and  on  a  non-condensing 
engine  supposed  to  be  working  with  an  absolute  pressure  of  15  lbs.,  or  an 
effective  load  requiring  10  lbs.  per  square  inch  to  overcome  it,  being  half  a 
pound  more  than  the  one  above  cited. 

Mr.  Sylvester  then  shews  that  by  increasing  the  pressure  upon  the  same 
non-condensing,  and  by  enlarging  the  area  of  the  condensing  engine's  cylinder 
and  jiir-pump,  so  as  to  maintain  the  steam  in  it  at  an  uniform  pressure  per 
square  inch  for  all  loads,  the  economy  of  the  former  would  gradually  approach, 
and  finally  equal  tlxat  of  the  latter ;  thus  shewing  the  consumption  of  steam  by 
the  non-condensing  engine,  for  equal  effects,  to  diminish  with  the  pressure  on 
its  piston.  This  is,  also,  an  irrefragable  argument  as  will  presently  be  seen, 
and  was  employed  by  the  author  in  advocating  the  application  to  the  locomotive 
of  a  species  of  atmospheric  cooler,  or  condenser  without  water,  which  would, 
he  thought,  bring  it  more  quickly  on  a  par  with  the  condensing  engine,  as 
respects  economy  of  steam. 
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Since  the  period  of  Mr.  Sylvester's  investigation,  the  locomotive  engine  has 
assumed  definite  characteristics;  and,  to  the  resistance  of  the  atmosphere,  is 
superadded  that  arising  from  the  blast-pressure,  which  has,  hitherto,  consider- 
ably enhanced  the  difficulty  of  determining  both  its  net  power,  and  its  con- 
sumption of  steam,  for  a  ^ven  e£fect. 

In  the  numerous  comparisons  contained  in  the  foregoing  pages  between  the 
locomotive,  and  fixed  non-condensing  engines,  the  consumption  of  the  latter  has 
been  used,  together  with  that  of  the  condensing  engine,  as  the  test  of  the 
accuracy  of  the  data  of  resistance  assigned  to  the  former  by  the  various  analysts; 
but,  accurate  determinations  of  the  expenditure  of  steam  by  the  same  locomo- 
tive engine  on  which  the  values  of  friction,  and  blast-pressure  were  ascertained, 
as  given  in  the  preceding  section,  enable  me  to  fix  its  consumption  of  water  as 
steam  for  given  effects,  and  thus  to  narrow  the  groimd  of  doubt,  and  to  establish 
still  more  correct  data  for  ascertaining  the  real  resistance  opposed  to  progressive 
motion  on  railways,  than  such  previous  comparisons  could  furnish. 

It  was  demonstrated,  in  the  manner  shewn  in  the  last  section,  that,  with 
the  respective  absolute  pressiu'es  of  15  and  20  lbs.  per  square  inch  upon  the 
piston,  the  resistances  from  the  blast  were  3  and  4  lbs.  per  square  inch  against 
the  piston.  I  had  frequently  ascertained  the  weight  of  water  as  steam  con- 
sumed by  the  engine  when  giving  locomotion  to  the  mass  on  which  it  was 
planted,  with  a  pressure  of  4,  and  8  lbs. ;  and,  on  completing  the  experiments 
with,  and  without  the  blast-pipe,  I  ascertained  the  expenditure  of  water  as 
steam,  for  several  hours,  with  the  load  requiring  15 lbs.  per  square  inch;  this 
took  place  steadily  at  the  rate  of  1S20  lbs.  per  hour.  At  that  pressure,  the 
absolute  power  of  the  engine  was  17-13  horses,  found  as  follows  : 

Am  of  boch  MotioD  of  pUton 

piitoDB.  PreMora.  per  nun. 

Sq.  in.  lb>-  fMt.  Hotie-powcr. 

/   15       X      240      V  „  ,  , 

157.08    X    y S3000  lbs /  ~  17.13.     The  water   consumed  per  horse 

per  hour  for  the  absolute  power  was,  consequently,  71.22  lbs. 
The  effective  power  balancing  the  load  is  thus  found : 

rot  (HcUoo.  For  blut 

preuure. 
n&  Iba.  IbL  lU. 

15    —    (2.60    +    3)    =    9.50  per  square  inch ;  and 

Iba.  feet. 

*>'^  ,9.50    X    240x         Hor«-poi.«r. 

157.08  X  y  ggooQIbs  /  ~  10.84.     The  water  consumed  per  horse  per  hour 
for  the  effective  power  was,  therefore,  112.64  lbs. 
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It  will  be  observed  that  I  taJce  the  friction  of  the  engines  at  2^  lbs.  per 
square  inch,  tliough  they  worked,  without  load,  witli  a  pressure  of  l^Ib.  of 
steam ;  but,  it  must  be  borne  in  mind  there  was  a  vacuum  equivalent  to  1  lb. 
on  the  opposite  side  of  the  pistons,  which  ractium  disappeared  at  4  lbs.  per 
square  inch.  The  friction,  therefore,  must  be  valued  as  consuming  steam  of 
g|  lbs.  per  square  inch  for  all  pressures  upon  the  piston  exceeding  4  lbs. 

I  will  now  bring  the  absolute  pressure  of  15  lbs.,  as  exhibited  by  the  ther- 
mometric  steam-gauge  on  the  boiler,  to  the  test  of  the  pressure  resulting  from 
the  comparative  volumes  of  steam  and  water  expended. 


Ml.  ID. 


Area  of  both  cylinders  157-08  x  48.25  length  of  double  stroke  and  spaces, 

oub.  la.  cuh.  to. 

+  576  contents  of  passages,  —  301.5.9  contents  of  piston  rods  per  double  stroke, 

cub.  in,  nib.  in.  t-utt.  ft. 

=  7892.79  ;  which,  divided  by  1728,  gives  4.567  as  the  volume  of  steam  con- 
sumed per  double  stroke  ;  and  this  sum,  multiplied  by  60  strokes,  gives  274.02 
cub.  ft.  as  the  volume  of  steam  expended  per  minute. 

The  weight  of  water  being,  as  aforesaid,  1220  lbs.  per  hour,  the  volume 
consumed  per  minute  was  0.325  cub.  ft 

The  ratio  of  the  two  quantities  is  843  to  1,  equal,  by  M.  de  Pamboiu:*s 
Table,  to  a  total  pressure  of  31.50  lbs. ;  from  which  deducting  14.71  lbs.  for 
the  atmosphere,  (of  which  no  account  is  taken  for  the  force  subsisting  on 
the  opposite  side  of  the  piston,)  we  have  16.79  lbs.  per  square  inch,  for  the 
absolute  pressure  on  the  pistons,  instead  of  1 5  lbs.  as  indicated  by  the  thermo- 
meter. 

The  quantities  found  for  the  pressure  and  water  are,  however,  positive ;  the 
volume  of  steam  is,  also,  positive ;  but,  some  of  the  steam  was  unavoidably 
condensed  from  the  exposed  state  of  the  cylinders  and  steam-pipes ;  and,  to 
bring  the  pressure  deduced  from  the  volumes  to  perfect  identity  with  that 
marked  by  the  thermometer,  the  volume  of  water  requires  to  be  diminished 
from  0.325,  to  0.308  cub.  ft.  per  minute,  or  by  iVth ;  which  difference — on  the 
supposition  that  the  volume  test  is  perfect,  at  the  ratio  of  887  to  1,  and  that 
the  pressure  in  the  cylinder  was  truly  marked  by  that  in  the  boiler — ^would  be 
the  precise  value  of  the  condensation. 

We  have  thus  a  very  near  agreement  between  the  pressure  on  the  pistons 
derived  from  a  test  by  a  thermometer,  which  accorded  with  the  safely  valve, 
and  a  test  derived  from  the  comparative  volumes  of  steam  and  water  expended. 

The  consumption  of  steam  per  effective  horse-power  per   hour  has  been 
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shewn  to  be  ISO  lbs.  for  the  fixed  non-condensing  engine,  (Exp.  III.,  Table 
VI.,)  and  for  the  locomotive  under  review  112.54  lbs.,  which  proves  the  latter 
to  have  been  the  most  economical  of  the  two»  at  nearly  the  same  absolute  pres- 
sures ;  the  former  being  14,  and  the  latter  15  lbs.  per  square  inch.  The  friction 
of  the  former  was  4.45  lbs.,  and  friction  and  blast  resistance  together  amounted 
to  5.50  lbs.  in  the  latter.  This  is  a  new  and,  perhaps,  an  unexpected  result ; 
it  shews  the  locomotive  firom  its  smaller  cylinders,  smaller  mass  in  motion,  lighter 
and  smaller  rubbing  surfaces,  to  be  encumbered  with  little  more  than  half  the 
frictional  load  arising  from  the  larger  cylinder,  heavy  beam  and  connecting 
rod,  and  more  massive  apparatus  of  the  fixed  engine.  It  is  proper,  however, 
to  observe  that  an  economy  of  the  power  expended  in  friction  is  dearly  bought 
by  the  locomotive  at  the  expense  of  durability ;  for  no  short-stroke  engines  will 
endure  like  the  longer  ones,  as  is  strikingly  exemplified  by  the  brief  existence  of 
the  locomotive  in  a  sound  and  healthy  state,  compared  with  the  longevity  of  a 
house-engine. 

Having  now  found  the  expenditure  of  steam,  for  a  given  effect,  by  a  loco- 
motive engine  working  at  a  pressure  of  1 5  lbs.  per  square  inch,  I  will  apply 
the  data  to  other  pressures,  and  examine  the  results ;  and,  first,  on  the  load 
requiring  20  lbs.,  at  which  pressure  the  resistance  for  blast  was  ascertained,  on 
the  same  engine,  to  be  4  lbs.  on  the  opposite  side  of  the  piston.  The  nature  of 
this  load  did  not  permit  a  lengthened  account  of  the  water  to  be  taken,  but  there 
is  nothing  more  certain  than  that  the  consumption  of  steam  must  be  proportional 
to  the  resistance  overcome  ;  and  that  if  with  an  absolute  pressure  of  15  lbs.  the 
engine  consumed  1220  lbs.  of  water  per  hour,  1425.31  lbs.  would  be  required 
by  the  same  engine,  in  the  same  time,  moving  at  the  same  velocity,  with  a 
pressure  of  20  lbs.  per  square  inch.  The  absolute  power  of  the  engine,  at  this 
pressure,  was  22.84  horses,  and  the  water  expended  per  horse  per  hour  62.40 lbs. 

For  blut- 
Por  friction.  preMur& 
Its.  lb>.  ItM.  lU. 

The  effective  pressure  was  20  —  (2.50  +  4)  =  13.50;  the  effective  power  15.41 
horses  ;  and  the  consumption  of  water  as  steam  92.49  lbs.  per  horse  per  hour. 
At  30  lbs.  pressure  per  square  inch,  the  absolute  power  of  the  engine  would 

For  r^ictkm.    For  bl»t. 
llH.  tbft.  Ibi.  ItM. 

be  34.26  horses;  the  effective  pressure  30  -  (2.50  +  6)  =  21.50  =  24.56 
horses-power.  The  water  expended  as  steam,  at  this  pressure,  would  be 
1835.95  lbs.  per  hour,  for,  if  there  be  one  certain  property  of  steam  ascertained, 
it  is  that  its  density  is  proportional  to  its  elasticity ;  the  aqueous  constituent  of 
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equal  volumes  of  steam  at  30  and  1 5  lbs.  above  the  atmosphere  is,  therefore,  as 
44,71  to  29.71.  The  absolute  horse  power  would  thus  be  obtained  by  the 
hourly  expenditure  of  58.58  lbs.,  and  the  effective  power  by  74.78  lbs.  of  water 
iis  steam.  It  will  be  observed  that  I  have  assumed,  at  this  pressure,  the  same 
proportional  resistance  for  the  blast  as  was  ascertained  at  15,  and  20  lbs.,  and, 
so  &r,  it  is  a  hypothetical  case  ;  but,  it  has  been  shewn,  in  the  section  on  the 
blast,  that  the  principle  of  that  resistance  increasing  in  the  same  ratio  as  the 
absolute  pressure  on  the  piston  is,  within  very  narrow  limits,  a  necessary  con- 
dition developed  by  the  phenomena  of  the  blast. 

It  thus  appears  that,  with  increasing  absolute  pressures,  artd  under  increas- 
ing loads,  an  equal  effective  power  is  obtained  by  the  locomotive  engine  with 
a  diminishing  expenditure  of  steam,  wliich  proves  the  truth  of  Mr.  S^'-lvester^s 
proposition  even  with  the  blast ;  for,  at  the  respective  pressures  of  8,  1 5,  20 
and  30  lbs.,  the  effective  horse-power — in  the  usual  acceptation  of  the  term — is 
reaUzed  with  256.41,  112.54,  92.49,  and  74.78  lbs.  of  water  as  steam,  respec- 
tively ;  at  which-  last  pressure  it  very  nearly  approaches  the  economy  of  the 
condensing  engine. 

There  is,  however,  another  value  necessary  for  perfect  accuracy  neglected 
in  the  foregoing  calculation,  viz.,  the  additional  friction  brought  upon  the  mov- 
ing parts  of  the  engine  by  the  load,  or,  more  strictly  speaking,  by  the  increase 
of  absolute  pressure  on  the  piston;  for,  with  the  load,  the  blast-resistance 
also  augments ;  so  that  the  additional  friction  is  not  proportional  to  the  load 
(as  M.  de  Pambour  expresses  it),  but  to  the  excess  of  pressure  upon  the  piston 
over  and  above  that  which  is  necessary  to  overcome  the  friction  of  the  engines 
without  load. 

Dealing  as  1  am  with  facts,  and  ascertained  quantities,  not  with  theories,  I 
can  assign  no  value  practically  found  for  this  additional  friction  ;  but,  it  is 
nearly  certain  that  it  bears  a  direct  ratio  to  the  force  which  produces  firiction 
between  those  parts  of  the  engine  affected  by  pressure,  such  as  the  valves, 
joints,  and  slides.  For  the  sake  of  shewing  by  how  much  the  neglect  of  this 
quantity  may  influence  the  results  in  power,  and  consumption  of  water  as 
steam,  for  a  given  effect,  I  will  assume  iVth — which,  from  experiments  directed 
to  this  end,  I  do  not  think  to  be  far  from  the  truth — of  the  absolute  pressure, 
in  excess  over  that  which  balanced  the  friction  of  the  engines  without  load,  to 
be  the  value  of  the  additional  friction,  and  that  it  increases  in  the  ratio  of  this 
excess.     The  total  friction  of  15  lbs.  absolute  pressure  would  thus  be  3.33  lbs. ; 
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blast  resistance,  3  lbs. ;  effective  pressure,  8.67  lbs. ;  effective  power,  9.9  horses ; 
and  the  water  consumed  as  steam,  123.23  lbs.  per  horse  per  hour. 

At  20  lbs.  absolute  pressure,  the  total  friction  would  be  $.66  lbs. ;  blast 
resistance,  4 lbs. ;  effective  pressure,  12.34 lbs. ;  effective  power,  41.08  horses; 
and  the  consumption  of  water  per  horse  per  hour,  101.22  lbs. 

At  30  lbs.  absolute  pressure,  the  total  friction  would  be  4.38  lbs. ;  blast 
resistance,  6  lbs. ;  effective  pressure,  18.34  lbs.;  the  effective  power,  20.94' 
horses ;  and  the  expenditure  of  water  as  steam  per  horse  per  hoiur,  87-67  lbs. 

If  this  identical  engine  were  put  upon  a  railway,  and  wheels  of  5  ft. 
diameter  applied  to  its  crank  shaft,  a  velocity  of  10.71  miles  per  hour  would 
be  attained  by  60  revolutions  per  minute,  at  which  speed  the  foregoing 
computations  give  its  power,  and  effect,  for  the  different  pressures  of  steam ; 
and  from  the  effective — or  what  would  be  better  termed  the  disposable — 
power  of  the  engine,  after  overcoming  all  the  friction  proper  to  itself,  and  blast- 
pressure,  the  resistance  to  the  progressive  motion  of  a  given  load  could  be  accu- 
rately ascertained,  the  disposable  force  being  known  in  horses-power;  but, 
were  I  to  assign  200  tons,  or  any  other  load,  as  the  measure  of  the  power  of 
the  engine  at  that  velocity  with  30  lbs.  pressure — for  example — a  doubt  might 
be  raised  as  to  the  correct  adaptation  of  such  load  to  the  power,  and  the  re- 
sults might  be  considered  as  hypothetical.  I  prefer,  therefore,  to  apply  the 
same  data  for  the  values  of  friction  without  load— additional  friction — and 
blast-pressure — to  the  locomotive  engines  in  Tables  VIII.,  IX.,  X.,  in  order  to 
exhibit  the  facility  and  accuracy  with  which  the  sum  of  resistance  to  pro- 
gressive motion  can  be  found  when  these  data  are  known ;  and  to  shew  the 
discordant  nature  of  results  afforded  by  purely  theoretical  methods  of  investiga- 
tion.    These  results  are  registered  in  Table  XVI. 

The  following  is  an  example  of  the  computation ;  Heda,  case  2  : — 

AbnlDte  Addltloiul  Blut-  EOfactlve 

wcHure.  Prictloo.  fVIction.         prnture.  prewure.  Efltctlve 

lta.Ibi.ItM.  Ibt.  Ite.  H.  P.  H.  P. 

30.95  -  (2.50  +  1.89  +  6.19)  =  20.37  =  88.31,  or  disposable  force;  .".  88.31 

«»  Ibi.  Veloc  enjfjne  pet  min.  ^^ 

X  33000  =  2914230   raised    1ft.  per  min.  ^  2719.43  =  1071.63  resistance 

Ibi.  Tons. 

overcome,  or  tractive  effort  exerted  by  the  engine;  and  1071-63  ■—  82,  gross 

lbs. 

load,  =  13.06  per  ton,  at  30.93  miles  per  hour,  instead  of  22.40  lbs.  per  ton,  ac- 
cording to  Dr.  Lardner's  data. 
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Table  XVI. 


I. 
II. 

m. 

IV. 

V. 

VI. 

VII. 
VIII. 

IX. 

X, 
XIII. 
XIV. 
XV.  I 
XV.  2 
►Soho 
Ditto. 


•8  . 

h 


MilH. 

9.72 
15.00 
18.16 
24.07 
31. GO 
20.«0 
18.63 
20.70 
21.70 
23.00 
20.34 
29.09 
20.05 
30.93 

ao.7o 

30.70 


it 


Ibi. 

40.20 
29.79 
20.00 
13.20 
13.30 
20.04 
39.10 
25.02 
20.02 
21.95 
38.50 
21.54 
31.04 
30.95 
33.30 
51.30 


g& 


hi 


Ibi. 
33.82 
10.52 
12.34 

7.41 

12.37 
26.37 
16.40 
17.20 
13.77 
25.90 
13.47 
20.43 
20.37 
22.10 
35.29 


HOVML 

40.03 
45.62 

37.06 

32,54 

42.52 

46.18 

62.67 

68.72 

49.77 

43.33 

67.24 

53.55 

104.29 

110.52 

107.27 

165.25 


Horw. 

33.57 
29.80 
22.86 

18.04 
24.70 
28.50 
42.16 
37.72 
32.15 
27.18 
45.23 
33.48 
68.04 
88.31 
71.10 
113.G7 


llM. 

1284.44 
747.25 

472.13 
281.05 
293.08 
307.55 
848.56 
529.58 
553.30 
443,16 
833.88 
431.59 
057.35 

1071.63 
807.05 

l:)84.43 


i 

a 


Tom. 
206.90 
130.54 
52.05 
42.20 
41.10 
47.41 
95.41 
44.08 
67.00 
64.36 
05.41 
45.69 
82.00 
82.00 
40.51 
46.51 


im. 

6.25 

5.35 

9.07 

0.66 

7.12 

8.3H 

8.00 

12.01 

0.70 

6.08 

8.74 

9.46 

11.67 

13.06 

18.64 

29.98 


h 
it 


XtiL. 

8. 

8. 

8. 

8. 

B. 

8. 

8. 

8. 

8. 

B. 

X  9.00 
t  10.60 
§19.64 
§  22.40 


M.dePambour. 


10 


Dr.  Lardner. 


11 


Columns  9  and  10  of  this  Table  bring  the  resistances  opposed  to  pro- 
gressive motion,  calculated  from  data  of  a  practical  nature,  into  comparison  with 
tl»ose  deduced  from  experiments  of  a  piurcly  theoretic  cliaracter ;  but,  there  are 
good  grounds  to  believe  that  the  effective,  or  disposable  power  of  the  engines  in 
the  Table  is  yet  too  highly  rated ;  for,  the  friction  of  these  engines,  without 
load,  would  be  greater  thai*  that  assigned,  as  their  pistons  are  of  larger  diameter 
than  those  upon  which  the  value  of  friction  was  ascertained  to  amount  to 
si  lbs.  per  square  inch.    It  is  probable,  too,  that  the  additional  friction  would  be 


•  From  Tabic  XIII. 


t  Vide  cqlumnj  29  and  dS,  Tables  IX,  and  X.        X  Vide  page  97. 
§  Vide  pages  112,  113. 
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greater  than  rrth  in  the  railway  locomotive,  from  the  shocks  and  strains  to 
which  it  is  exposed.  It  must,  also,  carefully  be  borne  in  mind  that  the  only 
datum  whence  the  power  can  be  derived  in  these  experiments,  arises  from  the 
calculated  ratio  of  the  volumes  of  steam  and  water  consumed ;  and,  that  though 
the  former  may  have  been  ascertained  with  near  approach  to  certainty,  the  second 
important  quantity  has  been  shewn,  in  many  of  the  reported  cases,  to  exceed 
possibility ;  thus,  it  is  probable  that  in  no  one  of  these  experiments  has  suffi- 
dent  allowance  been  made  for  waste,  priming,  and  delays  :  the  absolute  pres- 
sures so  found  must,  therefore,  be  regarded  as  too  high,  rather  than  too  low, 
and,  consequently,  the  resistances  to  motion  exaggerated. 

Extraordinary  discrepances  appear  by  mutually  comparing  the  velocities, 
and  resulting  resistances ;  they  forcibly  shew  the  importance  of  an  exact  appre- 
ciation of  the  volume  of  water  consumed,  when  no  other  test  than  its  ratio  to 
the  volume  of  steam  is  used  to  denote  the  actual  pressure  in  the  cylinders. 
Great  as  is  the  difference  between  the  results  with  the  Heda,  and  Dr.  Lardner*s 
estimate  of  resistance  for  the  velocities,  the  contrast  between  Experiment  V. 
(at  a  still  higher  speed,)  and  that  engine,  exhibits  the  tractive  effort  required,  as 
less  by  nearly  6  lbs.  per  ton  at  the  higher,  than  the  lower  velocity.  Reasons 
have  already  been  given  in  the  analysis  of  the  experiment  with  the  Heda,  for 
considering  the  effective  power  of  the  engine  as  too  highly  rated,  after  the  de- 
duction of  water  for  delays,  &c.,  as  no  estimate  could  be  formed  of  the  waste 
through  the  safety  valves.  The  resistances  in  columns  7  and  9  of  this  Table 
are,  therefore,  still  exaggerated. 

The  power  of  the  Soho  has  been  computed  at  two  pressures;  1st,  on  the 
presumption  that  all  the  water  assigned  as  evaporated,  was  expended  as  steam; 
2d,  on  the  presumption  that  \\h  was  wasted,  as  by  M.  de  Pambour*s  approxi- 
mation ;  and  it  will  be  seen  that  the  deduction  of  ^th  water  has  the  effect  of 
reducing  the  absolute  pressures,  and  disposable  force  of  an  engine  in  a  much 
greater  ratio ;  an  instance  adduced  to  impress  upon  observers,  and  experi- 
menters, the  all  important  necessity  of  an  accurate  determination  of  the  expendi- 
ture of  water  as  steam.  With  the  deduction  of  ^th,  the  force  of  the  wind 
against  this  train  raised  the  resistance  per  ton  to  18.64  lbs.,  or  5^  lbs.  higher 
than  in  the  experiment  with  the  Hecla  at  equal  velocities.  On  the  presumption 
that  all  the  water  passed  as  pure  steam  through  the  Soho's  cylinders,  the  pres- 
sure on  the  pistons  must  have  been  51.30  lbs.  per  square  inch,  which  I  look 
upon  as  a  very  improbable  circumstance,  and  the  resistance  to  progressive  mo- 
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tion  29.98  lbs.  per  ton — a  still  more  improbable  circumstance.  The  pressure— 
with  Jth  water  deducted — would  be  33.30  lbs.  per  square  inch. 

I  have  reduced  several  of  the  experiments  on  the  engines  of  the  Great 
VVeatem  Railway  to  the  terms  of  this  last  Table,  but  the  computations  are  too 
laborious  to  tempt  a  reduction  of  the  series,  unless  the  waste  of  steam,  and  pres- 
sure in  the  boilers  were  denoted ;  for,  as  in  Experiment  XL,  Table  VIII.,  the 
pressures  resulting  from  the  ratio  of  tlie  volumes  of  water  and  steam  consumed 
come  out,  in  many  cases,  much  higher  than  the  boiler  itself  could  have  sustained, 
30  that,  without  correction  for  waste,  computations  from  such  data  would  give 
no  credible  result  as  to  power,  or  resistance. 

An  accurat4?  determination  of  resistance  to  progressive  motion  can  only  be 
made  from  correct  facts  establishing,  beyond  dispute,  the  disposable  force  of  the 
particular  engine  examined ;  no  such  facts  are  yet  on  record,  and  until  they  be 
ascertaitied  with  the  same  care,  and  precision,  as  upon  other  classes  of  engine, 
doubt  and  confusion  must  rest  upon  investigations  which,  otherwise,  could  not 
fail  to  indicate  and  illuminate  a  path  to  improvement  in  locomotive  science ;  and 
it  must  bo  almost  unnecessary  to  say  that  upon  the  constructive  perfection,  and 
economy  of  the  locomotive  engine  depends  the  prosj^rity  of  railways;  for,  the 
locomotive  is  the  continual  devourer  of  costly  power,  and  the  continual  object 
of  costly  repair. 

JOSfAH  PARKES. 

London,  1839. 


This  paper  was  partially  read  on  the  last  evening  of  the  session.  It  contained  tlie  greater 
portion  of  the  facta  and  Tables,  and  all  the  principles  now  developed  ;  but  as  M.  de  Pambour's 
last  work,  the  "Nerv  Theory  of  the  Steam  Eiig'me"  was  not  then  published,  and  as  the  meeting  of 
the  British  Association  for  the  Advancement  of  Science  might  he  expected  to  produce  infomiatioii 
on  the  subject,  I  obtained  permission  from  the  Council  of  the  Institution  to  incorporate  in  my 
paper  such  matter  as  might  seem  expedient;  for  which  indulgence  I  have  to  express  my  sincere 
thanks.— J.  P. 


III. — On  the  Preparation^  Properties,  and  Uses  of  Turf  and  Turf  Coke. 
By  CHARLES  WYE  WILLIAMS,  Assoc.InstC.E, 

Having  laid  before  the  Institution  specimens  of  turf  in  its  natural  state,  as 
taken  from  the  bog ;  also  specimens  exhibiting  certain  stages  of  its  conversion 
into  a  dense  coke,  or  into  the  form  of  a  solid  artificial  coal ;  I  now  propose  to 
submit  some  observations  on  the  composition,  properties,  and  respective  uses  of 
these  different  substances. 

My  connection  with  the  City  of  Dublin  Company  rendered  me  extensively 
acquainted  with  steam  navigation,  and  instrumental  in  introducing  it  into  Ire- 
land, in  aid  of  inland  intercourse  on  the  river  Shannon ;  my  attention  was 
consequently  drawn,  several  years  since,  to  the  substituting  turf  for  coal,  as  a 
fuel  for  steam  vessels — principally  on  the  score  of  economy  and  convenience — 
coal  being  obtained  with  difficulty,  and  at  a  great  expense ;  while  ttirf 
abounded  in  numerous  districts  along  the  hundred  miles  of  that  river  over 
which  the  steam  vessels  of  the  company  daily  passed.  A  further  inducement 
was,  that  its  adoption,  as  a  fuel  for  steamers,  would  form  a  valuable  and  profit- 
able source  of  employment  for  the  population.  The  result  of  the  trial  has  been 
satisfactory  in  every  point  of  view. 

In  the  adoption  of  a  turf  fuel,  no  small  inconvenience  was  experienced  from 
its  great  bulk ;  and,  in  wet  seasons,  from  its  retaining  so  much  moisture  as 
seriously  to  detract  from  its  heating  powers.  My  attention  was,  therefore,  first 
directed  to  the  remedying  these  two  evils,  by  obtaining  a  more  condensed  and 
a  drier  fuel. 

In  pursuing  this  object  I  was  struck  with  the  meagre  accounts  which  books 
afforded  of  this  valuable  natural  product,  and  the  little  attention  which  had 
been  given  to  it  by  scientific  and  practical  men  in  this  country.  My  humble 
attempt  is  to  remedy  this  defect. 

As  to  the  means  of  increasing  its  density,  and  thus  remedying  the  evil  of 
its  excessive  bulk,  nothing  had  been  effected ;  neither  had  any  successful  effort 
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l>een  made  towards  improving  the  mode  of  preparing  it  for  the  purposes  of  fuel, 
notwithstanding  the  great  importance  of  these  objects. 

My  attention  was  further  drawn  to  the  value  of  turf  (or  peat  fuel,  as  it  is 
called  in  England  and  Scotland)  by  the  received  opinion,  that  it  had  not  only 
the  power  of  giving  out  an  intense  heat,  and  \vith  great  rapidity ;  but  that  it 
[Kjssessed  properties  which  gave  it  great  value  when  applied  to  the  various 
processes  of  metallurgy  ;  and  particularly  in  the  working  of  iron,  where  the 
fuel  comes  in  contact  with  tho  metal.  This  led  me  to  pursue  the  enquiry  on 
another  ground ;  namely,  as  being  likely  to  supply  an  improved  fuel  for  the 
uses  of  the  furnace  and  the  forge. 

The  well  known  superiority  and  high  money  value  of  "  Charcoal  iron" 
(iron  manufactured  by  means  of  the  heat  from  charcoal,  and  which  is  the  lead- 
ing peculiarity  in  the  manufacture  of  Swedish  iron,)  gave  a  further  stimulus  to 
the  enquiry.  Coke  prepared  from  turf,  (a  pure  vegetable  charcoal,)  ought,  it 
appeared  to  me,  not  only  to  possess  heating  properties  analogous  to  those  from 
wood  charcoal,  but  to  be  equally  free  from  those  deleterious  ingredients  which 
abound  in  mineral  coal. 

Such,  indeed,  is  the  value  and  purity  of  the  iron  manufactured  by  the  aid 
of  wood  charcoal,  as  compared  with  that  manufactured  by  coal  coke, 
the  process  usually  adopted  in  Great  Britain,  that  it  may  be  hoped  that  by 
the  aid  of  turf  coke  the  importation  of  Swedish  iron  may  ere  long  be  rendered 
unnecessary. 

Of  the  use  of  turf  coke  in  working  iron,  many  strong  testimonials  from 
practical  men  were  given  in  a  tract  presented  to  me  by  Lord  Downshire,  whose 
attention  had  long  been  directed  to  the  means  of  rendering  the  Irish  bogs  more 
available.  Its  importance  for  the  uses  of  the  forge  cannot  be  overlooked. 
Much  injury  is  sustained,  not  more  from  the  use  of  inferior  iron,  than  from  the 
impurities  of  the  coal  and  coke  with  which,  in  many  parts  of  the  country,  we 
are  compelled  to  work  it.  The  extent  of  this  evil  and  its  consequences,  cannot,  it 
is  true,  be  stated  in  figures,  but  it  is  not  less  appreciable  on  that  account.  This 
is  well  known  to  all  workers  in  iron  and  steel ;  and,  when  we  find  an  important 
part  of  a  machine  broken,  and  probably  great  mischief  done,  wc  are  apt  to 
censure  the  workman,  when  we  should  rather  lay  the  fault  on  the  iron,  or  the 
impure  fuel  with  which  the  work  has  been  done. 

In  pursuing  the  enquiry  as  to  the  use  of  turf  and  the  manufm^tiu-e  of  turf 
coke,  I  fell  naturally  into  the  common  error  of  taking  the  lower  portions  of  the 
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bog,  in  preference  to  those  nearer  the  surface ;  and  from  this  circumstance,  that 
the  latter,  on  account  of  their  lightness,  appeared  unsuited  to  the  purpose ; 
while  the  former,  from  their  great  comparative  density,  seemed  well  adapted 
for  producing  a  coke  which  could  stand  the  blast.  From  the  lower  strata,  a 
coke  sufficiently  dense  could  certainly  be  formed  by  the  aid  of  suitable  coking 
stoves ;  but  they  were  found  to  be  too  impure,  and  impregnated  with  too  large 
a  proportion  of  incombustible  and  deleterious  matter.  From  the  upper  strata, 
on  the  contrary,  and  particularly  where  they  were  composed  of  pure  bog  moss, 
which  had  made  but  little  progress  towards  decomposition  and  solidification,  I 
obtained  an  exceedingly  pure  carbon ;  giving  a  very  small  per  centage  of  useless, 
and  no  injurious  matter. 

This  upper  portion  of  the  bog,  however,  was  of  so  light  and  porous  a  tex- 
ture, and  so  apt  to  reabsorb  moisture,  by  which  its  heating  properties  were 
much  reduced,  that  it  threatened  to  defeat  all  my  efforts,  as  it  would  scarcely 
repay  the  labour  of  cutting  and  saving,  even  for  domestic  fuel ;  while  the  lower 
strata  often  approached  the  solidity  of  coal.  The  superior  density  of  the  latter, 
it  will  be  observed,  had  been  acquired  by  the  decomposition,  and  consequent 
solidification  of  its  vegetable  fibre,  and  still  more  by  the  consolidation,  through 
ages,  from  the  mere  pressure  of  the  superincumbent  mass ;  often  of  the  depth 
of  twenty  or  thirty  feet.  But  this  great  density  is  obtained  at  the  expense  of 
purity  and  heating  properties,  through  the  addition  of  many  heterogeneous 
and  incombustible  substances ;  which,  pro  tantOy  and  without  reference  to 
their  chemical  effects,  deteriorate  the  calorific  power  and  usefulness  of  turf  as 
fuel. 

This  has  been  well  illustrated  by  Mr.  Griffith,  in  his  analysis  of  a  part  of 
the  Bog  of  Allen,  of  the  depth  of  thirty-eight  feet,  as  given  in  the  first  volume 
of  the  "  Parliamentary  Reports  on  the  Bogs  of  Ireland."  That  report  states 
that  the  upper  portions,  even  to  the  depth  of  eight  or  ten  feet,  exhibited  so 
"  open-grained  and  fibrous  a  texture,"  that  the  different  species  of  the  mosses  of 
which  it  had  been  composed  were  easily  discernible :  the  Spha4fnum  pdustre 
(the  lightest  of  the  bog  mosses)  predominating.  This  portion  of  the  bog  had 
as  low  a  specific  gravity  as  356  (water  being  taken  at  1000) ;  and,  what  is 
here  important,  yielding  not  more  than  one  per  cent,  of  incombustible  ash. 

As  he  descended  to  the  lower  portions,  he  found  the  mass  progressively 
increasing  in  density,  until  it  shewed  a  "  fracture,  conchoidal ;  lustre,  shining ; 
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with  a  strong  resemblance  to  coal,  and  susceptible  of  a  high  polish,"  and  further, 
that  it  was  capable  of  yielding  a  "  very  compact  charcoal  with  internal  lustre 
shining."  He  found  its  specific  gravity  increased  from  356  to  1236,  but  accom- 
panied with  the  drawback,  that  its  incombustible  ash  had  also  increased  from 
one  to  twenty  per  cent.,  independently  of  the  injurious  tendency  of  the  sub- 
stances with  which  it  had  combined  ;  thus  proving  that  as  the  bog  had  gained 
in  density,  it  had  lost  in  combustible  value,  weight  for  weight;  and  that  even 
as  a  domestic  fuel  it  was  seldom  used,  "  owing  to  the  unpleasant  odoiu*  it  gave 
when  ignited." 

Having  ascertained  satisfactorily,  by  experiments  in  the  forging  of  iron,  and 
by  analysis,  that  the  upper  and  lighter  portions  of  the  bog  possessed  the  greatest 
purity  and  healing  power,  weight  for  weight;  the  diflBculty  presented  itself  of 
combining  density  with  purity,  which  qualities,  in  the  natuial  state,  are  not  co- 
existent. The  process  I  have  adopted  has  enabled  me  to  obtain  a  coke  from 
the  lighter  portions  of  the  bog,  not  only  of  double  the  density  of  wood  charcoal, 
and  equal  to  that  of  coal  coke,  but  possessing  that  purity  which  is  so  essential  in 
the  working  of  iron. 

*'*^p«?^S?'""^  To  ascertain  more  in  detail  the  relative  valu<!S  of  the  compressed 
peat,  and  peat  coke,  as  compared  with  coal,  r^al  coke,  and  charcoal,  I  had  a  very 
accurate  analysis  made  by  that  able  experimentalist,  Professor  Everitt,  whose  re- 
port I  here  subjoin,  as  it  contains  much  interesting  matter,  and  many  new  facts. 


Report  of  Experiments  on  pressed  Peat,  and  on  Coke  made  tJiere/rom^for 
Charles  M^ye  fVilliams,  Esq. 


Density. — The  density  or  specific  gravity  oi  water lOOO 

Compressed  peat,  t)ie  tliinneat  and  hardest  pressed 1160 

Ditto,  the  thicker  or  less  pressed 910 

Peat  coke,  the  thinner  or  hard  pressed 1040 

DittOj  the  thicker  or  less  pressed 913 

The  resin  fuel,  (peat,  coke,  and  resin) 1140 

Resin  alone 1110 

The  hardest  and  dry  woods,  such  as  oak,  ash,  or  elm,  vary  from    800  to    585 

The  lighter  woods,  aa  poplar,  pine,  &c.,  vary  from 363  to    550 

Charcoal  from  bard  woods,  varies  from 400  to    625 

Cools  vary  from 1160  to  1600 
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"  Hence  we  see,  the  hardest  compressed  peat  is  denser  than  the  hardest 
woods,  in  the  relation  of  1 160  to  885 ;  and  compared  with  some  of  the  lighter 
woods,  nearly  double.  Further,  that  the  coke  prepared  from  the  hardest  com- 
pressed peat  is  nearly  double  the  density  of  ordinary  charcoal.  In  ■  common 
practice,  it  is  reckoned  that  100  lbs.  of  charcoal  occupy  the  same  space  in  mea- 
sure as  200  lbs.  of  coke.  The  peat  coke  would,  therefore,  weight  for  weight, 
occupy  the  same  space,  very  nearly,  as  common  coke. 

Calorific  p(nce)\ — "  The  next  point  of  investigation  was  the  calorific  power  as 
compared  to  coal,  common  coke,  and  charcoal.  The  usual  method  of  making 
assays  of  this  kind,  is  to  burn  equal  quantities  of  the  respective  fuels,  and 
endeavour  to  ascertain  how  much  water  each  respectively  will  raise  a  given 
number  of  degrees,  or  convert  into  vapour.  But  experiments  of  this  sort,  unless 
made  on  a  very  large  scale,  cannot  lead  to  any  comparable  results. 

"  It  is  given  in  Berthier  {ICssazs  par  la  Voie  Sec/te,  vol.  i.  p.  289)  as  being 
the  result  of  accurate  experiments,  that  a  given  weight  of  chtircoal  will  raise  78 
times  its  own  weight  of  water  from  32°  to  212%  or  boil  off  in  vapour  llAths 
its  weight ;  which  data  do  not  differ  materially  from  the  results  obtained  on  a 
large  scale  by  Mr.  Parkes.  (See  his  paper  in  the  "  Transactions  of  Civil  En- 
gineers,** vol.  ii.  p.  161.)  Now  we  know,  from  actual  trial,  that  weighed 
portions  of  coke,  charcoal,  &c.,  used  under  stills  and  boilers  holding  from 
five  to  ten  gallons  of  water,  will  not  produce  one  tenth  of  this  effect.  I  am 
convinced  of  the  utter  futility  of  trusting  to  any  such  experiments  on  a  small 
scale,  with  the  view  of  having  anything  like  an  approximation  to  the  true 
relative  values  of  fuel.  I  was  here  induced  to  adopt  the  method  recommended 
by  Berthier  in  his  work,  vol.  i.  p.  228,  in  order  to  obtain  the  relative  values  of 
these  fuels. 

"  It  is  assumed  that  the  absolute  quantity  of  heat  generated  during  the  com- 
bustion of  any  fuel,  is  in  exact  relation  to  the  quantity  of  oxygen  consumed,  or 
entering  into  combination.  Hence,  in  order  to  ascertain  the  relative  calorific 
value  of  fuels,  it  is  only  necessary  to  ascertain  the  quantity  of  oxygen  each 
consumes  in  burning. 

"  The  best  mode  of  doing  this,  is  to  mix  a  weighed  quantity  of  the  fuel  with 
a  slight  excess  of  litharge,  (oxide  of  lead,)  and  find  what  quantity  of  metallic 
lead  is  reduced.  According  to  Berthier,  (and  which  also  agreed  with  some 
trials  made  by  me  on  the  same  substances,) 
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10  parts  of  pure  carbon  will  give,  of  lead 
1 0  parts  of  good  wood  charcoal       from 
10  parts  of  dry  Wooil      .  from 

10  parts  of  good  coal  coke       .        from 


S40  grs. 
300  to  SSa 
120  to  140 
260  to  285 


•'  It  may  here  be  remarked  that,  assuming  the  principle  to  be  correct  in  prac- 
tice, it  is  susceptible  of  great  accuracy  ;  for,  as  every  single  gram  of  carbon 
produces  thirty-four  grains  of  lead,  any  error  in  estimating  the  lead  is  reduced 
to  3^th  of  a  grain  of  pure  carbon. 

"  In  subjecting  the  peat  and  peat  coke  to  the  same  process,  I  found  as  follows : 

10  parts  of  the  peat  coke  (picked  surface  peat)  gave         .     277  grs. 
10  parts  of  peat  coke  (lower  strata)         ....     250 
10  parts  of  pressed  peat  (uncoked)  ....     197 

"  The  above  numbers  represent  the  relative  quantities  of  heat  which  can  be 
produced  by  the  same  quantities  of  each  of  the  fuels ;  and  in  cases  where  quan- 
tity of  heat  alone  is  the  consideration,  these  numbers  will  also  represent  their 
relative  values. 

**  But  intensiiy  of  heat  is  often  of  more  consequence  than  qnmitity ;  and 
intensity  depends  very  much  on  the  demity  of  the  fuel.  Thus,  charcoal  can 
never  produce  so  high  a  heat  as  coke  ;  and,  in  tliis  respect,  the  denser  peat  coke 
and  common  coal  coke  are  about  equal.  These  comparisons  are  quite  irrespective 
of  any  foreign  matter  being  present  which  may  be  injurious  to  the  quaUty  of 
iron,  when  the  fuel  is  used  for  reducing  the  metal  from  its  ore,  or  for  working 
iron  by  fire,  or  when  it  is  used  imder  iron  boilers  for  generating  steam. 

"  To  see  how  far  it  was  probable  or  not  that  the  peat  coke  contained  matter 
likely  to  act  injuriously  in  this  respect,  like  some  coke,  I  burned  portions  of  it 
in  a  variety  of  ways,  but  no  sulphurous  acid  smell  could,  in  any  case,  be  per- 
ceiveil :  now,  sulphur,  or  the  metallic  sulphurets,  are  the  usual  ingredients  in 
common  coke,  to  which  their  corrosive  eflects  on  iron  boilers  is  to  be  attributed ; 
and  such  coke,  during  burning,  always  gives  perceptible  quantities  of  sulphurous 
acid  gas. 

"  As  the  nature  and  quantity  of  ash  is  sometimes  of  importance,  I  have  also 
investip^ated  these  points  with  great  care.  An  average  of  two  experiments, 
where  1000  grains  of  peat  coko  were  burnt  till  all  carbonaceous  matter  was 
consumed,  gave  lis  for  the  quantity  of  ash  of  a  light  buff  colour. 
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100  grains  of  such  ash  contain — 

Common  salt 3'5 

Silica  and  aand  combined 15*0 

Sulphate  of  lime 22*5 

Carbonate  of  lime  .......  43*25 

Magnesia  and  carbonate  of  magnesia        ....  15*00 

Alumina 0*75 


100*00 


"  The  ash  contained  no  carbonate  of  potassa,  and  is  remarkable  for  the  large 
quantity  of  magnesia  present. 

"  From  my  trials  I  am  of  opinion,  1st.  That  the  peat  coke  examined  by  me 
contains  nothing  which  would,  during  the  burning,  be  more  injurious  to  iron 
than  wood  charcoal,  or  the  best  coke — whether  it  be  used  to  work  iron,  or 
under  boilers  for  the  generation  of  steam. 

"  2d.  That  it  is  equal  to  the  best  coke,  weight  for  weight.  In  heating  power 
a  little,  inferior,  weight  for  weight,  to  wood  charcoal  where  quantity  is  the  only 
consideration  ;  but  where  bulk  of  stowage  and  high  intensity  of  heat  are  im- 
portant considerations,  it  is  superior  to  wood  charcoal. 

"THOMAS  EVERITT, 

"  Laboratory,  Medical  School, 
"  London,  Jan.  IStb,  1839."  "  Middlesex  Hospital." 

°'""^SS"*  The  turf  which  I  submitted  for  the  above  experiments  was  from 

a  bog  in  Lancashire.  But,  from  other  experiments,  I  find  the  turf  from  many  of 
the  bogs  of  Ireland  exceed  it  in  purity,  and  contain  a  much  less  proportion  of 
incombustible  ash. 

In  considering  the  foregoing  report  and  analysb,  the  great  density  of  both 
the  peat  and  peat  coke,  though  produced  from  the  lighter  portion  of  the  turf, 
from  the  surface  of  the  bog,  is  remarkable ;  the  compressed  peat  being  thirty  per 
cent,  denser  than  oak  wood,  and  double  that  of  lighter  woods ;  while  the 
coke  is  double  the  density  of  charcoal,  and  on  a  par  with  coal  coke.  I  may 
here  add,  that  this  density,  which  is  so  valuable  where  intensity  of  heat  is  an 
object,  may  be  still  further  increased,  and  with  little  additional  expense,  by  con- 
tinuing the  operation  of  pressing. 

This  being  the  first  time  that  the  results  of  the  Uiharge  testy  as  applied  to 
turf  coke,  have  been  communicated  in  this  country,  (the  value  of  which,  Berthier, 
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in  his  elaborate  and  admirable  essay  on  combustible  bodies,  has  fully  established,) 
I  may  be  permitted  to  say  that  its  accuracy,  and  the  small  amount  of  practical 
error  to  which  the  process  is  liable,  as  shewn  by  Mr.  Everitt,  give  it  a  high 
claim  to  our  attention ;  although  to  persons  not  familiar  with  the  nature  of 
chemical  tests,  it  may  not  l>e  so  self  evident.  We  here  see  that  the  extraordi- 
nary attraction  which  carbon  has  for  oxygen,  and  the  power  which  it  thereby 
exercises  of  .deoxidizing  metallic  oxides,  renders  the  litharge  test  the  most 
suitable  for  determining  the  absolute  purity  and  calorific  powers  of  the  various 
cokes.  The  carbon,  under  a  high  temperature,  uniting  with  the  oxygen  in  pro- 
portion to  its  calorific  jx>wers ;  while  the  lead,  being  thus  deprived  of  that 
which  is  essential  to  its  state  of  o:dde,  is  precipitated  in  its  pure  metallic  form  : — 
the  relative  weights,  so  thrown  down,  representing  the  true  combustible  values 
of  the  several  cokes. 

It  will  be  particularly  observed  that  Mr.  Everitt,  in  stating  the  quantity 
and  intensity  of  the  heat  given  out  by  peat  coke,  adds,  that  these  are  *'  irre- 
spective of  the  presence  of  any  foreign  matter  which  may  be  injurious  to  the  iron." 
Now  we  know  that  many  foreign  substances  do  enter  into  the  composition  of  coal 
and  coke,  and  do  exercise  a  very  injurious  influence  over  iron  and  steel,  in  the 
furnace  and  forge.  In  this  respect  the  importance  of  the  peat  coke  becomes 
apparent.  Iron,  when  worked  by  means  of  this  coke,  is  not  only  sooner  brought 
to  a  welding  state,  but  it  is  found  to  work  softer  and  with  less  of  that  scaling 
which  is  so  injurious,  particularly  in  the  operation  of  welding.  These  facts  I 
have  proved  both  in  the  furnace  where  large  boiler  plates  are  heated,  and  in  the 
operations  of  the  forge,  when  even  the  worst  iron  was  improved  in  quality. 

It  is  not  an  unimportant  consideration  that  peat  coke  may  thus  be  produced 
from  that  portion  of  the  bog  which  has  ever  been  rejected  even  as  a  domestic 
fuel.  Again,  that  it  is  precisely  that  description  of  tiu-f  which  most  abounds  in 
Ireland,  and  which,  in  most  of  the  large  bog  districts,  has  hitherto  been  regarded  as 
an  absolute  incumbrance ;  alike  unfit  for  fuel,  and  for  conversion  to  agricultural 
purposes.  This  latter  arises  from  its  extreme  porousness  and  levity  : — its  being 
so  far  removed  from  that  decomposition  which  is  essential  to  the  vegetative 
functions  of  all  soils : — and  also  its  susceptibility  of  the  extremes  of  moisture 
and  drought, — overcharged  in  wet  seasons,  and  amounting  to  a  mere  caput 
mortuian  in  dry  ones. 

Tredgold,  speaking  of  turf,  says,  "  its  specific  gravity  varies  considerably, 
and  when  free  from  gravel,  its  quality  as  a  fuel  depends  much  on  its  density. 
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As  a  fuel,  it  may  be  divided  into  two  kinds ;  the  first  is  compact  and  lieavy ; 
the  second  light  and  spongy";  and  of  the  former,  he  adds,  "this  is  the  beat 
kind."*  Again,  he  says,  '*  Pesit  aflbrds  a  mild  and  gentle  heat,  but  it  is  not  a 
good  heat  for  supplying  furnaces  for  boilers."  Now  from  these  observations  it 
is  manifest  Tredgold  experimented  on  some  of  the  lower  strata,  which  give 
out  an  unpleasant  odour  in  proportion  to  their  earthy  impurities.  It  is  also 
evident  he  had  not  analysed  it  with  the  view  of  determining  the  relative 
purities  of  the  light  and  heavier  kinds,  and  of  its  peculiarities  in  the  working  of 
metals,  or  he  would  have  arrived  at  directly  opposite  conclusions. 

Tredgold  adds.  "  accordmg  to  Clement  and  Desormes,  it  affords  one-fifth 
the  heat  that  would  be  given  out  by  an  equal  weight  of  charcoal,  which  nearly 
coincides  with  the  ratiu  of  Blavier  and  Miche.''  This  comparison  is,  however, 
an  incorrect  one,  as  raw  turf  is  here  compared  with  charcoal.  I  do  not,  how- 
ever, hesitate  to  enter  the  lists  with  these  celebrated  men,  and  assert  that  by 
proper  management,  turf,  even  of  the  lightest  description,  will  be  found  to  give 
out  more  effective  heat  tlian  wood,  and  turf  coke  than  charcoal.  Where,  then, 
the  required  density  can  l)e  obtained  artiticiully,  we  are  in  a  position  to  avail 
ourselves  of  this  substance,  which  has  hitherto  been  so  rejected,  (merely  from  its 
low  specific  gravity,)  and  render  it  available,  as  a  fuel,  where  high  temperatures 
are  required,  and  particularly  in  all  the  operations  of  metallurgy,  where  purity 
of  heat  is  so  essential. 

'^'^Tul^"'"^"*  The  difficulty  of  the  process  of  converting  turf  into  coke,  has 
hitherto  been  an  obstacle  to  its  application  to  the  uses  of  the  forge.  So  great  is  the 
attraction  it  has  for  oxygen  that  much  care  is  requisite  in  mana^g  the  process: 
on  the  one  hand,  to  deprive  it  of  all  volatile  sultstances,  and  convert  it  into  a 
pure  carbon :  and  on  the  other,  to  avoid  wa-ste  from  partial  combustion. 

The  mode  by  which  I  have  elTected  these  two  objects  is  by  the  use  of  large 
vertical  stoves,  combining  in  their  action  tlie  distillatory  with  the  stifling  pro- 
cess. During  the  expulsion  of  the  volatile  substances,  a  species  of  distillation 
is  carried  on  in  the  ovens ;  and  when  charred  to  the  point  when  combustion 
would  begin,  the  stifling  process  is  adopted,  by  which  all  M^aste  is  avoided. 
The  peculiarity  of  the  process  effected  by  these  stoves,  consists  in  watching  the 
progress  of  the  coking,  which  begins  at  the  lower  part  of  the  stove,  and  so 
regulating  the  admission  of  the  due  quantity  of  air,  as  the  o|)eration  ascends, 
until  the  whole  is  so  advanced  and  the  gases  so  expelled,  as  to  require  the 
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complete  exclusion  of  atmospheric  air ;  the  whole  is  then  suffered  to  cool  by 
mere  radiation  from  llie  external  surface  of  the  stoves. 

Each  of  these  stoves  is  culpable  of  coking  a  ton  weight  of  turf  at  a  charge, 
and  twenty-four  hours  are  requisite  for  the  operation.  Their  number  may  be 
increased  according  to  the  quantity  required.  In  that  case,  tliey  may  be  ad- 
vantageously built  in  a  range,  or  combined  in  a  hexagon  shape,  by  which 
economy  of  space  and  materials  in  their  construction  is  obtained.  When  so 
placed,  the  coking  and  roasting  stoves  (of  which  latter  I  shall  speak  }»resently) 
may  be  alternated  with  great  advantage  in  the  economy  of  heat. 

In  the  preparation  of  turf  coke  for  the  purposes  of  the  forge  or  melting  fiir- 
nace,  a  further  process  is  necessary  to  give  that  density'  which  is  so  essential. 
This  density  is  obtained  by  pulverizing,  or  bruising,  the  raw  material  in  a  wet 
slate  BS  taken  from  the  bog,  and  previously  to  compression.  This  operation 
of  bruising,  may  he  effected  with  very  little  labour,  by  proper  machinery.  The 
effect  of  this  bruising  process,  is,  by  the  destruction  of  the  fibrous  character,  to 
bring  the  component  parts  into  closer  and  more  intimate  contact ;  the  result  of 
which  is  observable  in  the  high  specific  gravity  thus  obtained. 

By  the  union  of  these  two  processes,  the  pulverizing  and  pressing,  almost 
any  desirable  density  may  Ixs  obtained ;  and  we  have  within  our  reach  the 
power  of  imparting  to  this  valuable  substance,  the  most  essential  properties 
which  fuel  can  possess ;  namely,  the  puritj/  of  vegetable  charcoal,  with  the 
dfnisify  of  mineral  coke. 

Berthier,  in  his  essay  on  combustible  bodies,  and  in  which  he  has  given 
elaborate  analyses  of  various  kinds  of  cliarcoal,  coal,  and  turf,  with  their  respec- 
tive cokes,  observes.  Vol.  I.  p.  347.  "With  respect  to  intensity  of  heat,  there 
is  no  combustible  equal  to  coke.  It  produces  results  in  large  furnaces  which 
could  not  be  obtained  from  wood  charcoal.  In  the  furnaces  for  assaying  of 
metals  difficult  to  be  mehed,  it  raises  the  temperature  ten  pyrometric  degrees 
higher  than  the  latter.     This  property  is  owing  to  its  great  density." 

But  Berthier  docs  not  appear  to  have  been  aware  of  the  possibility  of  giving 
to  turf  coke,  a  density  equal  to  that  of  coal  coke,  which  he  thus  eulogises.  I 
find  in  the  trials  made  by  him  on  numerous  kinds  of  turf,  there  were  none  in 
any  degree  approaching  to  the  density  of  the  fuel  I  have  produced. 

Believing,  then,  that  the  quality  of  the  iron  ore,  is  not  a  matter  of  greater 
importance  than  the  quality  of  the  fuel  by  which   it  is  reduced  to  a  metallic 
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state,  it  becomes  a  subject  of  great  interest,  in  many  of  the  arts  and  manu- 
factures of  this  country,  to  enquire  into  the  nature  and  properties  of  turf  coke. 

Nearly  thirty  years  ago,  Mr.  Griffith,  in  the  Parliamentary  Reports  on  the 
Bogs  of  Ireland,  characterised  those  bogs,  as  "  mines  above  ground."  In  one  of 
these  reports,  under  date  June,  1810,  he  makes  use  of  the  following,  I  trust 
prophetic,  observation  :  "  It  is  not  at  all  improbable  that  the  iron  founders  and 
other  manufacturers  in  Dublin,  who  have  occasion  for  a  great  heat,  quickly 
raised,  may,  at  no  distant  period,  be  supplied  with  turf  charcoal  (which  is  supe- 
rior to  any  other)  for  that  purpose,  from  the  Bog  of  Allen.  Many  interesting 
experiments  have  been  made  in  France  on  this  substance,  in  most  of  which  the 
result  has  answered  beyond  expectation."  From  that  period,  however,  to  the 
present,  nothing  has  been  done  towards  availing  ourselves  of  those  "  mines  above 
ground,"  or  turning  this  valuable  substance  to  any  useful  purpose  beyond  that 
of  a  domestic  fuel. 

As  the  several  uses  to  which  peat  and  its  compounds  may  be  used  are  more 
numerous  than  is  generally  imagined,  I  will  here  detail  a  few  of  the  leading 
ones,  with  some  observations  on  their  use  and  application : — 

1st.   Of  turf,  as  now  prepared  and  sold  in  Ireland. 

2d.    Of  this  description  of  turf,  after  dry  pressure. 

3d.    Of  the  same,  after  the  operation  of  roasting. 

4th.  Of  the  same,  after  having  been  converted  into  coke. 

5th.  Of  the  preparation  of  turf  for  the  manufacture  of  gunpowder. 

6th.  Of  a  denser  kind  of  turf  coke,  prepared  by  grinding. 

7th.  Of  turf  coke,  applied  to  the  purification  of  coal  gas  and  coal  coke. 

8th.  Of  turf  coke  for  locomotive  engines. 

9th,  Of  the  same,  applied  to  the  manufacture  of  artificial  coal,  with  bitumen, 
for  steam  navigation. 

1st.  Of  turf,  as  cut  and  sold  by  the  peasantry  in  brick-shaped  pieces. — The 
first  practical  impediment  to  the  use  of  turf  in  this  state,  for  the  generation  of 
steam,  is  the  great  quantity  of  moisture  it  contains.  The  second  inconvenience 
is  its  bulk.  As  regards  the  moisture  held  mechanically  in  suspension,  this  is  an 
evil  of  much  greater  extent  than  is  generally  supposed ;  and  as  the  loss  of  ef- 
fective heating  power  must  be  in  the  proportion  of  internal  moisture  which  it 
has  to  evaporate,  the  heating  properties  of  turf  saved  in  the  ordinary  way  is 
not  unfrequently  deteriorated  to  the  extent  of  fifty  per  cent.     Indeed,  in  wet 
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seasons,  particularly  when  we  have  to  deal  with  the  light  spongy  descriptions, 
from  their  power  of  reabsorbing  moisture,  it  is  often  impossible  to  maintain  the 
due  pressure  of  steam  for  the  proper  working  of  the  engines,  even  by  the  sacri- 
fice of  any  quantity  of  turf. 

For  this  evil  the  great  remedy  is,  attention  during  the  process  of  drying  and 
saving ;  and  care  in  its  subsequent  preservation  for  the  uses  of  the  ensuing 
season.  Turf  should  be  stacked  under  cover,  a  circumstance  hitherto  wholly 
neglected  by  those  who  lay  up  annual  stocks  for  the  winter  months,  as  in  the  case 
of  the  distillers  in  Ireland-  Any  labour  or  expense,  therefore,  devoted  to  this 
object,  will  be  amply  repaid  by  the  diminished  quantity  consumed,  and  the  in- 
creased efficacy  of  its  evaporative  powers  *. 

2d.  Of  turf,  as  now  prepared  in  Ireland,  after  pressure. — With  respect  to  its 
great  bulk  and  low  specific  gravity,  this  may  to  a  certaun  extent  be  remedied, 
and  at  an  expense  which  will  repay  the  process.  When  thoroughly  dry,  turf 
may  be  compressed,  in  largo  quantities,  at  a  moderate  expense,  into  one- 
half,  or  even  one-third  of  its  previous  bulk :  and  which  compressed  state  it  will 
retain,  provided  it  be  preserved  under  cover.  This  was  not  hitherto  supposed 
to  be  the  case ;  pressure  has  not  been  applied  to  turf  in  this  previously  dry 
state,  as  it  was  supposed  that,  like  a  sponge,  it  would  again  swell  and  resume 
its  former  bulk.  My  experiments  on  this  preparation  much  surprised  me,  and 
led  to  the  manufacture  of  a  valuable  description  of  fuel  condensed  at  a  cheap 
rate,  and  with  the  aid  of  dry  pressure  alone.  ^Vhcre  turf  is  of  a  light  porous 
character,  and  where  its  bulk  is  necessarily  more  objectionable,  this  dry  com- 


*  TTic  following  extracts  from  Berthier's  "  Traite  des  essais  par  la  Voie  S^che  "  will  be  found 
much  to  the  point  on  the  subject : — - 

••  HygroraetricilS, — Le  bois  est  un  corps  extrdmcment  hygroraetrique :  iJ  absorbe  unc  ires 
grande  proportion  d'eau  dans  I'air  huniide,  et  lorsque  ensuite  on  le  soumet  u  une  chalcur  graduce, 
il  abandonne  cette  eau  par  portions  ituccessives  qui  dependent  de  la  temperature.  Selon  M. 
Karsten,  des  copeaux  de  chene  parfaitemenl  desscches  a  Tair,  perdcnt  encore  0,103  de  leur 
poids,  a  la  temperature  de  I*  ebullition  ;  maia  &  cette  tcm[>erature  le  bois  retient  encore  une 
quantite  trea  notable  d'eau."     Vol.  I.  p.  234. 

*' Dcssication.  — Si  la  dessication  n'a  lieu  qu'&  la  chaleur  de  1 00^,  la  mnti^re  rctient  encore 
0,145  d'eau  non  combince ;  mais  en  portanl  la  chaleur  jusqu'  a  150  ou  160",  et  en  la  inaintenant 
pendant  quelques  beures,  jusqu'  k  ce  que  la  poudrc  commence  a  brunir,  on  a  le  ligneux  parfaite- 
menl sec ;  dans  cet  etat  il  est  compose  de  parties  egales  de  carbone  et  d*eau»  ou  plutot,  d'  faydro- 
g^ne  ct  d'  oxigenc  dans  le  rapport  rigoureuttement  propre  a  constituer  Teau.  Ce  resultat  est 
tout-a-fait  conforme  a  celui  que  MM.  Gay-Lussac  et  Thenard  avaient  obtcnu  il  y  a  dcja  long 
temps."     Vol.  I.  p.  241. 
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preesion  is  of  great  value ;  as  it  will  be  found  to  have  greater  durability  in  the 
fumace>  than  would  appear  due  merely  to  its  diminished  bulk. 

The  lower  heavy  strata,  however,  cannot  advantageously  be  compressed, 
as  they  have  a  tendency  to  crumble  and  lose  their  consistency ;  being  in  fact 
to  a  considerable  extent  already  carbonized.  The  upper  and  middle  strata 
may,  when  thoroughly  dry,  be  compressed  imder  an  hydraulic  press,  in 
which  state  they  are  applicable  to  many  purposes.  We  know  that  mere 
density,  in  wood,  has  no  relation  to  the  quantity  of  heating  power  which  it  is 
capable  of  giving  out  \veight  for  weight ;  and  when  equally  dry,  the  lighter 
kinds  of  woods  give  the  same  heat  as  the  hea\ncr  kinds.  The  same  law  ap- 
plies to  turf,  keeping  in  view,  equal  purities, — equal  weights, — and  equal 
degrees  of  dryness.  These  are  important  facts  when  we  have  to  deal  with  a 
light,  though  pure  material,  such  as  the  upper  portions  of  turf  bogs. 

3d.  Of  turf  after  the  opemtion  of  roasting. — When  it  is  an  essential  object 
to  have  highly  dried  turf,  this  may  be  obtained  by  the  roasting  process,  in  the 
vertical  stoves,  so  arranged  that  a  strong  current  of  air  is  made  to  pass  through 
the  turf,  entering  at  the  bottom  and  passing  upwards,  escaping  at  the  top  and 
carrying  away  the  moisture.  As  a  high  temperature  and  an  adequate  current 
of  air  are  essential  to  the  evaporation  of  moisture,  these  drying  or  roasting 
stoves  may  be  placed  alternately,  as  already  mentioned,  with  the  vertical 
coking  stoves.  The  heat  thus  supplied  from  the  latter  will  be  found  suflScient  to 
effect  the  necessary  rarefaction  of  the  air,  in  the  roasting  stove ;  whereby  a 
rapidly  desiccating  heat  and  current  are  obtained,  without  any  cost.  I  have 
also  found  this  compressed  roasted  turf  to  be  well  adapted  for  many  kinds  of 
fiunaces. 

The  object  of  this  roasting,  is  not  only  to  expel  the  moisture  which  cannot 
be  dislodged  by  mere  atmospheric  exposure,  however  dry  the  air  may  be,  but 
also  to  vaporize  and  expel  the  ligneous  acid  which  aboimds  in  the  lighter  de- 
scription of  turf.  This  acid  being  a  great  enemy  to  heat,  must  be  thoroughly 
dissipated,  if  we  would  obtain  the  greatest  calorific  effect  from  the  turf.  This 
very  circumstance  having  been  liitherto  disregarded,  has  in  many  instances  been 
the  direct  catise  of  its  heating  properties  being  underrated.  Berthier,  who  has 
treated  of  the  relation  between  desiccation  and  calorific  power  with  great  ex- 
actness, states,  that  having  dried  wood  in  a  stove  during  many  days  at  a  high 
temperature,  and,  further,  irntil  it  had  the  appearance  of  roasted  coffee,  found 
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that  the  calorific  power  increased  progressively  as  this  species  of  distillation  pro- 
ceeded, up  to  the  degree  of  heat  capable  of  decomposing  it. 

Rumford,  with  the  view  of  thoroujofhly  drying  it,  cut  the  wood  into  thin 
pieces,  and  exposed  it  in  a  stove  for  twenty-four  hours,  and  until  it  began  to 
turn  brown,  at  a  temperature  of  128°.  In  all  these  particulars  I  have  ascer- 
tained that  turf  and  wood  are  perfectly'  analogous. 

Dr.  Ure,  in  speaking  of  the  mischievous  efiect  of  moisture  in  wood,  explains 
it  in  his  usual  clear,  comprehensive,  and  satisfactory  manner  :  and  how  forcibly 
does  all  this  apply  to  the  moist  state  in  which  turf  is  now  usually  applied  as 
fuel ;  yet  how  indifferent  are  the  consumers  to  this  self-evident  deterioration  of 
the  heating  properties  of  their  tiu*f  *. 

4th.  Of  turf  coke. — This  dry-pressed  turf,  when  coked,  forms  a  valuable  fuel, 
particularly  for  the  use  of  Eur-funiaces,  in  which  iron  plates  for  boiler-makers 
are  heated.  In  the  manufacture  of  marine  boilers,  and  particularly  for  Ixiilers 
made  on  the  Cornish  plan,  many  of  the  plates  of  iron  forming  the  windings  of 
the  internal  flues,  have  to  be  brought  to  a  red  heat  above  50,  or  even  a  100 
times,  before  they  are  fashioned  and  fitted  to  their  proper  places.  It  is  needless 
to  mention  the  injurious  effects  of  bad  sul|)hurous  coal  or  coke  during  such  re- 
peated heatings,  or  the  advantage  of  a  pure  carbonaceous  coke,  like  peat  coke, 
by  which,  from  its  freedom  from  impurities,  the  quality  of  the  iron  is  positively 
improved.  1  can  speak  from  experience  on  this  head,  having  had  abundant 
proofs  of  its  value,  and  having  found  that  the  iron  heated  in  a  furnace  by  this 
description  of  turf  coke,  has  become  softer,  more  pliant,  and  malleable. 

5th.  Of  turf,  for  the  manufacture  of  gunpowder. — The  lighter  portions  of 

*  Dr.  Ure,  in  speaking  of  raoisture  in  wood,  observes,  *'  Moisture  diminishes  the  lieating 
power  in  three  ways  : — ^by  diminishing  the  relative  weight  of  the  ligiieons  matter  : — by  wasting 
hcBt  in  its  evaporation  : — and  by  causing  slow  and  imperfect  combustion.  If  a  piece  of  wood 
contain,  for  example,  3^  per  cent,  of  water,  then  it  contains  only  75  (wr  cent,  of  fuel ;  and  the 
evaporation  of  that  water  will  require  ^t^  part  of  the  weight  of  that  wood.  Hence  the  damp 
wood  is  of  less  value  in  combustion  by  ^\ths  or  ^ths,  than  the  dry.  Woods  which  have  been  felled 
and  cleft  for  twelve  months  still  contain  from  30  to  25  per  cent,  of  water.  It  may  be  assumed, 
asameanof  several  experimental  results,  that  one  pound  of  arti/ciaUy  dried  wood  will  heat  SB 
poimds  of  water,  from  the  freezing  to  the  boiling  point :  and  that  a  pound  of  such  wood 
as  contains  from  SO  to  20  per  cent,  of  water  will  only  heat  ^G  pounds  of  such  water  to  the  samt 
degree.  The  value  of  different  woods  for  fuel,  is  inversely  as  their  moisture;  and  this  may 
easily  be  ascertained  by  taking  their  shavings,  drying  them  in  a  heat  of  140^  Fahrenheit,  and  see- 
ing how  much  weight  they  lose.** 
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the  turf,  when  coked,  and  ground  very  fine,  and  which  is  effected  with  great 
facility,  appear  peculiarly  applicable  in  the  manufacture  of  gunpowder.  This  is 
owing  to  its  purity  and  freedom  from  earthy  matter,  and  also  from  the  extreme 
pulverulency  of  which  it  is  susceptible. 

Having  submitted  this  coke  to  the  examination  of  M.  D'Emst,  the 
artificer  in  fireworks  for  Vauxhall,  his  report  is  very  satisfactory.  He  states 
that  it  is  twenty  per  cent,  more  combustible  than  oak  charcoal,  and  recommends 
its  adoption  in  the  manufacture  of  gunpowder.  The  turf  coke  was  put  to 
the  severest  test,  namely,  in  the  production  of  coloured  lights. 

6th.  Of  the  dense,  wet-pressed  turf  coke. — Where  a  very  dense  coke  is  re- 
quired, an  additional  process  becomes  necessary  in  the  preparation  of  the  turf. 
As  already  noticed,  turf  for  this  description  of  fuel  is  taken  wet,  as  cut  from  the 
bog,  and  in  that  state,  ground  or  pulverized,  so  as  completely  to  destroy  its 
vegetable  fibrous  texture,  and  break  up  the  numerous  cells  or  vesicles  in  which 
the  moisture  is  contained.  ^  This  bruising  process  may  be  effected  in  the  common 
horse  mortar-mill.  When  a  large  quantity  is  required,  the  number  of  bruising 
rollers  may  be  increased  on  the  horizontal  arms.  A  mill  of  twelve  feet  dia- 
meter, mounted  with  four  metal  or  stone  rollers,  working  vertically  on  their 
edges,  is  capable  of  preparing  ten  tons  daily.  The  only  attention  required  is 
that  of  one  man  to  supply  the  floor  of  the  mill  with  the  wet  turf,  from  which, 
after  having  made  a  few  circuits  of  the  mill,  it  passes  out  sufficiently  pulverized 
for  the  operation  of  pressing. 

On  being  so  bruised,  and  while  in  its  wet  pulpy  state,  it  is  subjected  to  a 
powerful  pressure,  in  layers  of  three  or  four  inches  thick,  with  the  proper  alter- 
nate absorbents  or  recipients ;  and  on  the  water  being  pressed  out,  it  is  re- 
duced to  the  state  of  thin  cakes  according  to  the  degree  of  density  required. 
-These  cakes  are  then  prepared  for  the  coking  stoves  by  a  short  exposure  to  the 
air,  under  cover,  or  by  means  of  the  roasting  stoves  already  mentioned. 

An  hydraulic  press  of  400  tons  pressure  can  effect  the  proper  compression 
of  one  ton  of  peat  per  hour.  The  charges  of  turf  are  previously  prepared  apart, 
on  suitable  trucks,  and  rolled  imder  the  press  successively  as  the  pressure  is 
completed.  The  object  of  this  arrangement  is  to  save  the  time  of  the  press, 
which  would  otherwise  be  wasted  were  it  to  stand  idle  while  the  turf  was  being 
placed  in  its  proper  layers. 

7th.  Of  purifying  pit  coal  by  means  of  turf. — Another  advantage,  and  one 
likely  to  be  of  great  importance  in  the  arts,  arises  from  the  purifying  effect  of 
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turf  on  pit  coal,  in  the  process  of  coking  the  latter,  and  in  the  manufacture  of 
gas  for  illuminating  purposes. 

By  mixing  turf  with  pit-coal  in  the  coking  oven,  a  remarkable  effect  is  pro- 
duced, and  a  very  superior  coke  is  the  result.  The  sulphur,  which  abounds  in 
coal,  and  which  vaporizes  and  passes  away  at  a  temperature  even  below  the 
boiling  point  of  water,  is  first  expelled  by  the  direct  radiation  from  the  turf, 
which  begins  to  carbonize  and  give  out  its  heat  long  before  the  coal. 

Another  valuable  effect  is  produced  by  the  union  of  the  ligneous  acid  of  the 
turf  with  the  volatile  alkali,  (ammonia,)  which  is  generated  in  the  process  of 
coking  coal,  and  which  is  always  found  where  nitrogen  (its  main  constituent)  is 
disengaged  in  connexion  with  a  combustible  containing  hydrogen.  In  the 
process  of  coking  coal,  ammoniacal  gas  is  evolved  in  large  quantities.  When 
carried  on  in  close  retorts,  this  ammoniacal  gas  passes  away  in  a  liquid  state, 
being  combined  with  aqueous  matter,  and  forming  the  ammoniacal  liquor  of  the 
gas  works. 

Now  ammonia  is  not  only  a  great  enemy  to  flame  and  heat,  but  causes  a 
serious  injury  to  iron.  The  ligneous  acid  of  the  turf  unites  with  and  neu- 
tralizes the  ammonia ;  greater  purity,  and  consequently  increased  calorific 
effect,  is  thus  given  both  to  the  coke  and  to  the  gas. 

Dr.  Ure  states  that,  "the  gas  from  coal,  as  it  issues  from  the  retort,  is 
not  fit  for  the  purposes  of  illumination,  as  it  contains,  with  other  matter,  steam 
impregnated  with  the  carbonate,  sulphate,  and  Lydro-carburet  of  ammonia." 
If  not  suited  for  the  purpose  of  illumination,  neither  is  it  suited  to  the  purposes 
of  heating  and  evaporation.  The  ammonia  being  dissipated  in  the  early 
process  of  coking,  is  an  important  circumstance,  fi-om  its  being  thus  prevented 
entering  into  those  numerous  and  injurious  compounds  of  which  it  is  susceptible ; 
or  of  carrying  off  any  sensible  portion  of  carbon  or  hydrogen,  with  which  it 
would  readily  miite. 

As  ammonia  in  combining  with  acids  generates  cold — frequently  intense 
cold,  its  abstraction  is  on  this  account  desirable.  Professor  Brande  informs  us, 
that  *•  ammonia  mixes  with  the  gaseous  acids  in  several  proportions ;  combin- 
ing with  half  its  volume,— or  with  an  equal  volunie*^-or  with  two  volumes :" 
an  ample  range  is  thus  obtained  for  effecting  this  union  of  the  ligneous  acid 
with  the  ammonia  tlu-ough  all  the  stages  of  their  generation  in  the  ovens. 
That  this  is  the  fact,  is  perceptible  in  the  dense  white  cloud,  (the  form  which 
it  assumes,)  and  which  passes  off  copiously  during  the  whole  of  the  operation. 
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Had  it  been  othervrise,  it  would  have  remained  until  a  more  advanced  stage  of 
the  process,  when  both  the  turf  and  coal  would  have  been  carbonized,  and  in 
which  case  the  superior  affinity  which  carbon  has  for  ammonia,  in  preference  to 
all  the  other  gases,  would  have  resulted  in  a  serious  loss — the  carbon.  Now 
carbon  is  the  most  imporUint  element  in  all  fuels,  beinjj,  as  Dr.  Ure  appropriately 
terms  it,  "  the  main  heat-giving  constituent/*  Its  absorption  and  loss  are,  there- 
fore, above  all  things  to  be  guarded  against.  The  investigation  of  these  inter- 
esting details  remains  yet  to  be  pursued  by  chemists. 

8th.  Of  turl'  as  a  fuel  for  locomotive  engines. — The  turf  coke,  in  both  states 
of  compression,  is  expected  to  be  apphcable  to  the  use  of  railroad  engines,  par- 
ticularly where  coal  coke  is  either  expensive  or  inferior  in  quality.  Much  must, 
however,  depend  on  the  mone}'  value  at  which  it  can  bo  produced ;  and  this, 
also,  must  have  reference  to  the  locality  where  it  may  be  manufactured.  The 
application  of  turf  coke  to  locomotive  engines  has  not  hitherto  been  practically 
demonstrated,  but  doubtless  will  in  the  course  of  the  present  year.  Ordinary 
ooal  coke  exercises  a  most  injurious  influence  on  the  tubes  and  fire-boxes  of 
locomotive  engines. 

9th.  Of  turf  coke  in  the  manufacture  of  artificial  coal, — The  last  application 
or  modification  of  this  material  to  which  1  shall  allude,  is  in  the  formation  of 
an  artificial  coal  by  its  union  with  bituminous  matter,  as  a  fuel  for  steam  navi- 
gation. This  fuel  is  not  a  compressed  turf,  as  has  been  erroneously  stated.  It 
is,  in  fact,  an  artificial  coal,  composed  of  the  best  ingredients  of  which  pit  coal 
is  formed  by  nature,  yet  free  from  any  admixture  with  those  substances  which 
deteriorate  the  heating  properties  of  the  latter.  This  artificial  coal  is  composed 
of  turf  coke  combined  with  resin  or  pitch,  according  to  the  desired  quality ; 
the  former,  of  course,  making  the  strongest  and  best  fuel. 

Natural  mineral  pit  coal  we  find  composed  of,  1st,  bituminous  matter; — 
Sdly,  carbonaceous  matter ; — and,  3dly,  of  foreign  matter  of  various  kinds,  and 
in  various  proportions,  among  which  are  sulphur  and  the  metallic  sulphurets, 
and  incombustible  earthy  substances.  In  the  composition  of  artificial  coal,  I 
have  taken  resin,  as  the  purest  available  bitumen,  and  turf  coke,  as  the  purest 
vegetable  carbon.  The  result  of  their  chemical,  or,  perhaps,  only  mechanical 
union,  is  a  coal,  possessing  the  greatest  heating  powers  in  the  smallest  bulk — • 
avoiding,  on  the  one  hand,  an  excess  of  bitumen  and  a  deficiency  of  carbon,  as 
is  found  existing  in  cannel  coal,— or,  on  the  other  hand,  an  excess  of  carbon 
and  a  deficiency  of  bitumen,  as  is  found  to  be  the  case  with  anthracite  coal ; 
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neither  of  which,  for  these  reasons,  is  adapted  for  the  furnaces  of  marine 
boilers. 

Resin,  notwithstanding  its  high  price,  is  now  much  used  in  steam  naviga- 
tion, from  its  containing  so  mucli  heating  power,  and  giving  out  so  much  flame; 
it  is  only  used,  however,  by  mixing  it  with  fine  coal  or  cinders,  as,  alone,  it  is 
not  an  available  fuel,  notwithstanding  its  high  combustible  properties.  This 
arises  from  the  circumstance  of  its  melting  at  so  low  a  temperature,  and  so  large 
a  portion  of  it,  therefore,  passing  off  unconsumed  and  in  a  state  of  vapour, 
fi-om  the  difficulty  with  which  it  enters  into  connexion  with  the  atmosphere 
during  the  pn>cess  of  combustion.  The  union  of  resin,  however,  with  the  carbon 
of  the  turf  has  the  effect,  by  virtue  of  tlie  extraordinary  attraction  of  the  latter 
for  oxygen,  of  furnishing  the  necessary  supply  to  the  resin,  and  thus  giving  fuU 
combustible  and  calorific  effect  to  that  powerful  bitumen.  This  may  be  said  to 
take  place,  more  or  less,  in  the  combustion  of  all  coal,  and  forms  the  main  dis- 
tinction between  bitumen  and  coal. 

In  the  manufacture  of  the  resin  fuel,  the  turf  coke,  in  the  state  of  powder,  is 
added  to  the  resin,  or  other  bitumen,  in  a  melted  state,  upon  which  an  imme- 
diate and  intimate  union  takes  place.  The  proportion  in  which  these  ingredients, 
when  pure,  should  be  mixed,  is  that  of  equal  quantities,  by  weight. 

The  price  at  which  this  fuel  may  be  manufactured  will  necessarily  vary 
according  to  the  locality  of  the  manufacture,  and  the  value,  quantity,  and 
quality  of  the  ingredients  used ;  keeping  these  in  view,  the  cost  of  the  manu- 
factured article  may  average  from  twenty  to  forty  slulUngs  per  ton. 

Having  tested  the  value  of  this  fuel  in  repeated  voyages  across  the  Channel, 
and  during  five  voyages  across  the  Atlantic  in  the  **  Royal  William"  and 
**  Liverpool "  steam  ships,  the  result  is,  that  the  most  economic  mode  of  using  it 
appeai-s  to  be  in  the  proportion  of  2  cwt.  to  20  cwt.  of  coal  If  used  judiciously 
and  in  this  proportion,  20  cwt.  of  coal,  and  2  cwt.  of  the  resin  fuel,  will  do  the 
work  of  26  cwt.  of  coal.  The  proportion  of  the  resin  fuel  may  be  increased  with 
good  effect,  should  the  pit  coal  be  inferior  in  quality  or  of  a  slow  burning  nature. 

But  this  saving  of  dead  weight  carried,  amounting  to  above  15  per  cent, 
of  the  entire  supply  for  the  voyage  to  New  York,  is  perhaps  the  least  im- 
portant of  the  advantages  arising  from  the,  use  of  this  fuel.  In  case  of  a  pro- 
tracted voyage,  some  of  this  fuel,  in  connexion  with  cinders  and  a  small  portion 
of  coal,  will  be  adequate  to  keep  the  engines  in  operation.  Again,  by  the  sud- 
denness of  its  action  and  the  great  volume  of  flame  given  out,  it  enables  the 
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engineer  to  avoid  a  deficiency  of  steam  at  one  period,  by  which  the  engines  are 
retarded ;  and  an  excess  at  another,  by  which  a  waste  of  fuel  takes  place ;  this 
irregularity  arising  from  the  difficulty  of  keeping  so  many  furnaces  at  a  uniform 
intensity. 

Again,  where  it  is  desirable  to  suspend  the  operation  of  any  furnace,  or 
even  all  the  furnaces  under  any  one  boiler,  to  clear  out  or  repair,  a  small 
increase  of  this  fiiel  under  the  remaining  furnaces,  has  been  found  adequate  to 
the  maintaining  a  due  supply  of  steam. 

In  conclusion,  I  would  observe  that  the  result  of  ten  years'  experience, 
during  which  I  have  ^ven  much  attention  to  the  subject,  is,  that  the  turf  bogs, 
particularly  those  of  Ireland,  which  have  hitherto  been  regarded  as  an  incum- 
brance, possess  many  valuable  properties  which  qualify  them  for  several 
important  uses  in  the  arts.  The  application  of  an  improved  fuel  to  the  manu- 
factures of  this  country,  and  to  the  purposes  of  the  steam  engine,  being  a 
subject  of  the  deepest  interest,  and  as  the  accumulation  of  facts  is  the  first  step 
towards  the  acquisition  of  sound  views  and  improved  practice,  I  have  presumed 
to  submit  the  foregoing  to  the  notice  of  the  Institution. 

This  subject  being  far  from  exhausted,  with  the  permission  of  the  Institu- 
tion, I  propose,  on  a  future  occasion,  submitting  to  them  some  fiuther  observa- 
tions, with  the  details  of  such  operations  as  may  then  have  been  proceeded 

with. 

CHARLES  WYE  WILLIAMS. 

Liverpool,  February  12,  1839. 


VOL.  III. — ]'ABT  U-  B  B 


IV. — An  Investigation  into  the  Power  of  Locomotive  Engines,  and  the  Effect 
produced  hy  that  Power  at  different  Velocities, 

By  PETER  BARLOW,  F.R.S.,  Cor.  Mem.  Inst  France,  of  the  Imp.  and  Roy.  Academies  of 
St  Petersbui^  and  Brussels,  Hon.  M.  Inst.  C.E.,  &c.  &c. 

My  object  in  this  paper  is  to  make  a  comparison  between  the  actual  power 
expended  by  a  locomotive  engine,  and  the  effect  produced  by  that  power  under 
different  circumstances,  particularly  at  different  velocities,  and  with  engines 
varpng  considerably  in  weight  and  in  evaporating  power. 

I  am  quite  aware  of  the  difficulty  of  computing  the  amount  of  effective 
power  due  to  the  piston  pressure  of  a  locomotive  engine,  or,  which  is  the  same, 
of  correctly  estimating  the  deductions  which  ought  to  be  made  for  the  several 
irregularities  and  impediments  to  which  such  engines  are  exposed;  but  the  same 
difficulty  is  not  encountered  while  we  are  only  estimating  the  power  expended, 
and  it  is  therefore  to  the  latter  that  I  propose  to  direct  the  reader's  attention. 
The  method  I  propose  to  pursue  in  making  this  estimation  is  as  follows. 

Method  ptnaed.  If  wc  know  experimentally  the  number  of  cubic  feet  of  water 
evaporated  in  an  hour,  or  in  any  given  time,  by  an  engine,  the  space  passed 
over  in  that  time,  the  diameter  of  the  driving  wheels,  the  length  of  stroke,  and 
the  capacity  of  the  cylinders — we  hence  know  the  number  of  cubic  feet  of  steam 
which  have  been  produced  from  one  cubic  foot  of  water,  and  hence,  again,  by 
the  experiments  that  have  been  made  on  the  force  of  steam  by  different  persons, 
we  know  the  pressure  per  inch  on  the  piston ;  and  then  making  a  due  allowance 
for  the  atmospheric  pressure  on  the  piston,  the  friction  of  the  engine  gear,  &c., 
we  have  left  the  force  which  ought  to  be  effective  on  the  piston,  and  this  being 
reduced  to  the  circumference  of  the  wheel  should  be  equal  to  the  resistance 
opposed  by  the  load,  which,  on  a  level  plane,  consists  of  axle  friction,  road 
resistance,  and  the  resistance  of  the  atmosphere  to  the  engine  and  carriages. 
Unfortunately,  however,  we  know  that  the  effective  force  is  much  less  than 
would  appear  from  this  calculation,  because  we  are  thus  assuming, — 1st,  that 
there  is  a  uniform  steam  pressure,  and  that  no  steam  is  wasted ; — 2nd,  that 
there  is  no  skidding,  and  no  priming ;  in  fact,  that  the  whole  power  expended, 
after  deducting  for  the  pressure  of  the  atmosphere  and  friction  of  engine  gear, 
is  useftilly  employed,  which  is  very  far  from  being  the  case.    Still,  however,  we 

VOL.  III. PART  III.  c  c 


184 


MR.    BARLOW   ON   THE   POWER   OF 


shall,  at  all  events,  know  by  such  an  investigation,  what  resistance  we  ought 
to  l>e  able  to  overcome,  and  by  comparing  this  with  the  best  estimate  we  can 
make  of  the  actual  resistance  opposed  by  the  trains,  we  shall  leani  what  amount 
of  |K)wer  is  wastefnlly  expended,  and  knowing  this,  it  may  assist  us  in  tracing 
the  defects,  and  probably  may  lead  to  a  means  of  remedying  the  evil. 

TTie  experiments  I  propose  to  avail  myself  of  in  this  comparison,  are 
selected  from  those  given  in  Mr,  Wood*s  Report  to  the  Directors  of  the  Great 
Western  Railway  (in  which  all  the  above-specified  data  are  given),  viz.,  those 
made  on  the  North  Star  and  Harvey  Coombe  engines,  these  being  selected  as 
exhibiting  the  effects  on  engines  of  the  greatest  and  least  power  of  evaporation, 
the  ratio  of  their  powers  being  as  100  to  50*84.  To  save  the  trouble  of  refer- 
ence, such  columns  of  the  original  tables  as  are  requisite  for  our  purpose,  are 
given  at  the  end  of  this  paper,  together  with  additional  columns  resulting  from 
the  computation  first  indicated.     (See  Table  A,  page  195.) 

It  will  be  observed  that  two  different  speeds  are  given,  one,  denominated 
"  the  mean  maximum  speed,"  being  that  wiiich  the  engines  made  between  the 
times  when  they  first  acquired  their  full  speed,  and  the  shtitting  off  the  steam 
from  the  pistons ;  the  other,  denominated  "  the  mean  speed,"  is  that  which  is 
reckoned  from  the  first  starting  of  the  engine  to  the  final  termination  of  its 
motion,  but  it  is  the  last  speed  only  to  which  the  following  deductions  refer. 
coortrueiion  of  T.bk.  It  may  bc  well,  however,  before  we  proceed,  to  give  an 
example  by  way  of  illustrating  tlie  mode  of  calculation  above  referred  to. 

First,  the  North  Star  has  7  feet  driving  wheels,  which  may  be  called  22 
feet  in  circumference,  the  stroke  of  the  piston  is  18  inches,  and  tlie  diameter  of 
the  cylinder,  16  inches.     From  these  data  we  have  as  follows: — 

The  number  of  revolutions  per  mile  =  -^-tt—  =  240. 

The  contents  of  each  cylinder  =  3'141  x  8*  x  18  =  3618'432  cubic  inches 

l7*o 

Contents  of  both  cylinders  =  4*188. 

And  cubic  feet  of  steam  per  mile  =  4-188  x  240  x  2  =  2010. 

In  Experiment  III.  the  mean  speed  is  33*9  miles  per  hour,  therefore 

Number  of  cubic  feet  of  steam  used  per  hour  =  33*9  x  2010  =  68139. 

Now  the  water  evaporated  in  that  time  being,  by  the  Table,  136  cubic 

68139 
feet,  we  have    ,  „\    =  601  cubic  feet  of  steam  to  1  cubic  foot  of  water. 
loo 
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To  ascertain  the  pressure  due  to  steam  of  this  density,  I  have  employed  a 
Table  given  by  Tredgold  in  his  work  on  the  Steam  Engine,  computed  from 
the  data  iumished  by  Messrs.  Southern  and  Creighton  in  1802,  from  experi- 
ments made  with  great  care,  and  with  a  view  to  obtain  practical  results.  To 
save  reference,  so  much  of  this  Table  as  is  necessary  for  the  present  purpose,  is 
also  given  at  the  end  of  this  paper  (Table  B,  page  196). 

Employing  this  Table,  we  find  by  interpolation  that  steam  of  this  density  has 
a  pressure  equal  to  1 15  inches  of  mercury^  or  to  57-|-lbs.  per  square  inch,  from 
which  deducting  15 lbs.  for  atmospheric  pressure,  and  lib.  for  the  friction  of 
the  engine  gear,  there  is  left  4  l-|-lbs.  per  square  inch  on  the  piston,  which, 
being  the  applied  force,  ought  to  be  effective  towards  the  traction  of  the  gross 
load. 

The  area  of  the  pistons  being  402  inches,  and  the  ratio  of  the  double  stroke 
to  the  circumference  of  the  wheel  being  as  3  to  22,  and  the  gross  load  in  this 
experiment  70'6  tons,  we  have  as  follows : — 

The  power  applied   =  41-5    x    402    x    3   =      5229  lbs. 

The  work  done  '      =  70-6    x      22  =   1553-2  tons. 

Then  the  ratio  of  the  applied  power  to  the  work  done,  or  the  applied  steam 

5229         ^^  ,, 
power  per  ton  =  =  32  lbs. 

That  is,  if  the  whole  steam  power  expended  in  this  experiment  could  have 
been  employed  without  waste,  it  ought,  at  the  above  velocity,  to  have  been 
competent  to  overcome  a  constant  retarding  force  of  32  lbs.  per  ton. 

In  a  similar  way  the  numbers  in  the  last  column  of  the  Table  have  been 
computed. 

Referring  in  the  first  instance  to  the  result  worked  out  above,  viz.,  the 
third  tabulated  experiment,  it  will  be  seen  that  the  steam  power  expended  per 
ton  of  the  gross  load  amounts  to  32  lbs.,  whereas  it  has  been  hitherto  commonly 
assumed,  that  on  a  level — which  this  line  is  very  nearly, — ^the  retardation  does 
not  amount  to  more  than  9  lbs.  per  ton,  so  that  there  appears  to  have  been 
expended  a  power  more  than  three  times  greater  than  the  mechanical  resistance 
to  which  it  was  opposed,  at  least  according  to  the  views  hitherto  taken  of  the 
subject.  And  it  is  of  the  first  importance  to  ascertain  whether  there  is  really 
this  waste  of  power,  or  whether  the  resistance  to  the  load  is  not  actually  much 
greater  than  has  been  commonly  assumed ;  also  whether  this  resistance  is  not 
greater  with  greater  velocities,  and  if  so,  from  what  cause  it  proceeds.     I  have 

cc  2 


186 


Mn.    BARLOW   ON   THE    POW^R    OF 


in  a  subsequent  page  examined  the  question  of  resistance,  from  which  I  tliink 
it  will  appear  that  the  resistance  has  been  hitherto  taken  too  small  with  high 
velocities ;  but  after  all,  the  great  discrepance  between  the  power  expended  and 
any  estimated  probable  resistance  overcome,  is,  I  think,  clearly  due  to  a  waste 
of  jjower  in  the  engine ;  for  it  will  be  observed  that  the  experiment  referred  to 
here,  is  one  that  gives  the  most  favourable  result  in  the  first  set  of  experiments, 
for  what  may  be  tenned  high  speed.  Tlie  first  tabulated  experiment,  which 
does  not  give  a  greatly  increased  velocity  when  treated  in  the  same  way,  shows 
an  expenditure  of  power  amounting  to  72  lbs.  per  ton,  being  eight  or  nine 
times  greater  than  the  usual  admitted  resistance. 

In  the  smaller  engine  the  power  expended  per  ton  does  not  appear  so  great, 
but  neither  is  the  maximum  speed  so  gTcat ;  it  ouglit,  however,  to  be  observed 
that  the  latter  experiments  were  made  on  a  line  having  steeper  gradients  than 
those  on  tiie  former,  and  consequently  the  traction  per  ton,  including  gravity 
on  the  ascending  planes,  was  considerably  more  than  that  merely  due  to  the 
friction  of  the  load;  so  that  it  appears  there  was  upon  the  whole  much  less 
power  wasted  here  tlian  in  the  former  case.  Now  to  what  is  this  to  be  attri- 
buted ?  Is  it  due  to  the  different  proportions  in  the  parts  of  the  two  engines, 
or  to  the  difference  in  the  velocities ;  or  has  such  weight  and  power  been  given 
to  the  North  Star  as  surpass  what  can  be  advantageously  employed  ?  These 
are  questions  which  appear  to  me  well  deserving  of  serious  consideration. 

I  have  before  observed,  and  I  again  repeat,  that  I  do  not  offer  the  above 
calculations  as  strictly  correct ;  yet  if  any  thing  definite  be  known  of  the  power 
of  steam,  the  results  ought  not  to  be  far  from  the  truth.  I  am  aware  also  that 
I  have  made  no  deduction  for  the  resistance  of  the  blast  pipe,  which  is  ]>erhaps 
considerable ;  I  have  seen  it  estimated  at  3  lbs.  per  inch  on  the  piston,  and  it 
may  even  be  more,  it  may  perhaps  be  greater  than  is  really  necessary*.  This 
again  1  conceive  is  another  important  question,  particularly  as  it  is  obvious 
from  what  has  been  stated,  that  it  is  not  the  want  of  power  in  the  engines  at 
present  employed,  but  some  defect  in  making  use  of  their  power,  which  at  this 
time  limits  their  effective  operations,  more  especially  in  the  accomplishment  of 
great  speed. 
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ON  THE  RESISTANCE  OF  RAILWAY  TRAINS  AT  DIFFERENT  SPEEDS. 

The  resistances  to  which  tlie  engine  and  carriages  of  railway  trains  are 
exposed  may  be  classed  under  the  following  heads : — 

1.  The  resistance  of  the  atmosphere. 

2.  The  friction  at  the  axles. 

3.  The  road  resistance. 

So  much  has  recently  been  said  on  the  subject  of  atmospheric  resistance 
that  I  am  induced  to  consider  this  question  first,  and  I  shall  again  avail  myself 
of  Mr.  Wood's  experiments — ^namely,  those  made  on  the  Whiston  and  Madeley 
planes. 

These  consist  of  the  means  of  three  sets  of  experiments,  as  follows,  viz. — 

1st.  A  train  of  four  carriages  weighing  15*6  tons,  obtained  a  uniform  velocity 
of  31  miles  per  hour  on  a  plane  descending  1  in  96. 

2nd,  A  train  consisting  of  the  same  four  carriages  loaded,  weighing  18*05 
tons,  acquired  a  uniform  velocity  on  the  same  plane  of  32^  miles  per  hour. 

3rd.  A  train  of  four  similar  carriages  weighing  18*05  tons,  obtained,  on  a 
plane  descending  1  in  177,  a  uniform  velocity  of  21  miles  per  hour. 

In  all  these  cases,  as  the  motion  was  uniform,  the  accelerating  force  and  the 
retarding  force  must  have  been  equal,  and  tlie  former  being  given  by  the  slope 
of  the  plane,  the  whole  retardation  is  known ;  and  it  seems  only  necessary,  by 
a  comparison  of  these  results,  two  and  two  together,  to  separate  the  different 
effects  from  each  other. 

If  the  retarding  forces  above  enumerated  were  all  siibject  to  the  same  law, 
we  should  not  be  able  to  do  this ;  but,  assuming  that  the  resistance  of  the  air 
varies  as  the  square  of  the  velocity,  and  that  the  two  latter  are  constant  forces, 
at  all  velocities,  we  can  easily  separate  the  effects  by  a  comparison  of  any  two 
of  these  results  with  each  other. 

First,  then,  let  us  compare  the  second  experiment  with  the  third,  in  which 
the  gross  weights  are  the  same,  viz.,  18*05  tons. 

We  must  here  observe,  that  a  part  of  the  descending  weight  is  a  rolling 
mass,  we  must  not,  therefore,  take  the  whole  weight  divided  by  the  inclination 
of  the  plane  for  the  accelerating  force.  To  arrive  at  the  actual  acceleration  we 
ought  to  know  the  weight  of  the  16  wheels  and  their  axles ;  this  datum,  however, 
is  not  given,  but  we  shall  not  be  far  wrong  in  taking  this  weight  at  about  2^  tons, 
or  as  the  experiments  are  only  comparative,  let  us  assume  the  weight  at  3  tons 
in  each  case,  and  that  the  distance  of  the  centre  of  oscillation,  to  that  of  gravity. 
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from  the  bearing  point,  is  as  3  to  2,  which  agrees  very  nearly  ^vith  Mr.  Wood's 

experimental  determination  of  the&e  points,  (see  Wood's  "  Treatise  on   Rail- 

^^ys,"  page  383).     On  these  assumptions  the  accelerating  force  of  the  wheels 

being  -Jrds  of  tlieir  weight,  the  whole  accelerating  force  in  the  second  and  tliird 

.        ^      .„  ,     17'05       ,   17-05 
experiments  will  be  — ttt-  and 


Let  -7:  denote  the  ratio  of  the  friction. 


96  177 

to  the  load  producing  frictwrif  which  we  have  assumed  to  be  three  tons  less 

15-05 


than  the  gross  load ;  therefore,  the  fnction,  in  both  these  cases,  will  \ye 


f 


(classing  the  resistance  Nos.  2  and  3  under  the  general  term  friction). 

Again,  let  *  denote  the  force  due  to  the  atmospheric  resistance  on  a  unit  of 
surface,  and  with  the  velocity  of  one  mile  per  hour,  then  if  a  be  taken  to  denote 
the  opposing  surface,  and  v\  tJ,  the  two  observed  velocities,  we  shall  have  the 
following  equations,  viz. — 

17-05  _  15-05 

96  / 

17-05       15-0. 
177 


=  a*r^ 


=  a*ir 


Whence,     a  *  = 


17'05(177  -  96) 


177  X  96  (r"  -  r") 
Now  V'  =  32^  and  v  =  21,  and  substituting  these  values  we  obtain 

a  *  ^  -304 
Consequently,      -304  r*^  ^^  316  11)3. 
•304  1^==  134  lbs. 

These  results  differ  slightly  from  those  of  Mr.  Wood,  which  arises  probably 
from  our  having  taken  the  weight  of  the  wheels  and  axles  too  great ;  but  as  has 
been  before  observed,  they  are  intended  only  for  comparing  the  results  with 
each  other,  and  the  difference  is  therefore  of  httle  consequence.  In  the 
article  in  question  these  are  stated  at  329  lbs.  and  135  lbs.  This  is  the  only 
comparison  made  iu  the  Report,  and  if  we  stopped  here,  it  woidd  appear  to 
be  confirmed  l>y  these  computations ;  but  let  ua  now  proceed  exactly  in  the 
same  way,  and  compare  the  first  experiment  with  the  second.  Here  the  loads 
are  15*6  tons,  and   18*05  tons;  the  parts  of  the  loads  subject  to  the  friction 

12-6  and   15*05  tons,  and  the  accelerating  forces  ^r^  and 


96 


96 


Our  equa- 


tions, therefore,  now  are 
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14-6         12-6  ^    . 

17-05       15-05 

_ ^=aW' 

Whence  we  obtain,  /=  96  x  ^a  n   n i>t  ne  -j ' 

•^  14'6  V   —  17-05  tr 

In  this  case  t/  =  32^,  t?  ==  31,  and  consequently,  -7  «=  "wwTH'  which  value 

substituted  in  the  original  equations  gives 

a*t/*  =  87-llb8. 
a  *  »»  =  80-64  lbs. 

That  is,  by  comparing  the  second  experiment  with  the  third,  we  find  the 
resistance  of  the  atmosphere  at  32^  miles  per  hour  to  amount  to  316  lbs. ;  and 
by  comparing  the  first  with  the  second  (proceeding  precisely  the  same  way),  we 
find  the  resistance  at  the  same  velocity  of  32^  to  be  only  87- 1  lbs.  The  friction 
by  the  former  comparison  being  only  5  lbs.  or  6  lbs.  per  ton,  and  by  the  latter 
nearly  20  lbs.  per  ton. 

Such  discrepancies  as  these,  where  we  ought  to  have  a  tolerably  close  coin- 
cidence, can  lead  us  only  to  one  conclusion,  namely,  that  it  is  impossible  with 
experiments  conducted  on  these  principles  to  draw  any  conclusions  relative  to 
the  resistance  of  the  atmosphere  to  railway  carriages  at  different  velocities ;  and 
the  reason  of  this  impossibility  is  sufficiently  obvious ;  for,  by  referring  to  the 
above  formula,  it  is  plain  that  every  thing  depends  upon  the  values  of  v  and  t/, 
and  these  ought  to  express  the  relative  velocities  of  the  wind  and  of  the  car- 
riages, whereas  they  denote,  as  above  employed,  the  velocity  of  the  carriages 
only,  and  cannot  therefore  be  expected  to  approximate  towards  the  truth,  ex- 
cept in  a  perfectly  calm  atmosphere.  While,  however,  we  are  inevitably  led 
to  this  conclusion  respecting  the  very  unsatis&ctory  nature  of  deductions 
drawn  from  experiments  of  this  kind,  there  can  be  no  doubt  whatever  of  the 
important  fact,  that  the  carriages  did  sustain,  fr^m  one  cause  or  other,  the  total 
resistance  stated  in  the  article  in  question ;  that  is  to  say,  a  resistance  equal  to 
the  gravitating  power  of  the  plane,  that  is,  of  345  lbs.  with  the  gross  load  of 
15*6  tons,  and  of  397  lbs.  with  a  load  of  18-05  tons ;  being  a  total  resistance  of 
about  22  lbs,  per  ton  in  each  case,  at  velocities  of  31  or  32  miles  per  hour,  and 
only  about  12  lbs.  at  a  velocity  of  21  miles  per  hour.     Other  experiments  lead 
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US  to  believe,  that  at  velocities  of  15  or  16  miles  per  hour,  the  resiatance  does 
not  amount  to  more  than  8  lbs.  or  9  lbs.  per  ton  ;  others  again  give  the  resistance 
much  less  than  these  last  numbers  indicate,  viz,,  not  more  than  5  lbs.  or  6  lbs. 

If  this  great  diiference  of  retardation  were  chiefly  due  to  atmospheric  re- 
sistance, we  should  indeed  very  soon  arrive  at  the  greatest  attainable  railway 
speed,  because  our  contention  would  be  witli  a  natural  force,  which  it  would  be 
in  vain  to  endeavour  to  overcome,  and  difficult  even  to  modify ;  but,  if  it  ouly 
arise  out  of  imperfect  mechanical  contraction,  then  we  may  hope  that  tlie  same 
perseverance  and  energy  which  have  already  conquered  bo  many  difficulties, 
may  enable  engineers  to  modify  and  reduce  those  which  at  present  remain  to 
impede  their  progress  of  improvement.  Let  us,  tlien,  examine  the  question 
under  another  point  of  view. 

Tlie  resistance  to  railway  carriages  consists,  as  we  have  seen,  of  three  dis- 
tinct forces  enumerated  in  a  preceding  page,  of  wliich  the  first,  whatever  be  its 
amount,  we  may  consider  as  varying  either  exactly  or  nearly  as  the  8f|uare  of 
the  velocity.  The  other  two  forces  are  generally  assumed  to  be  constant,  and 
consequently,  that  they  are  independent  of  the  velocity. 

That  friction  is  a  constant  force,  has  been  proved  by  numerous  experiments, 
and  in  none  more  satisfactorily  than  in  those  published  by  George  Rennie,  Esq. 
in  the  **  Pliilosophical  Transactions"  for  1829.  But,  it  must  be  remembered,  that 
in  experiments  made  with  this  view,  the  utmost  care  is  always  taken  tliat  all 
the  machinery  employed  shall  be  in  the  most  perfect  order,  the  motions  free  and 
undisturbed,  and  every  part  of  the  apparatus  immoveably  fixed  and  steady. 
Now  this  is  very  far  from  being  the  case  with  a  railway  carriage,  which  is  in 
a  continual  state  of  oscillation  from  side  to  side,  and  receives  also  constant 
blows  and  concussions  from  bad  joints  or  other  defects  in  the  road.  These 
cannot  fail  of  bringing  straining  forces  on  the  axles,  and,  unquestionably,  in- 
creasing the  amount  of  friction  at  those  parts ;  and  as  these  blows  and  irregu- 
larities are  greater  with  greater  velocities,  we  have  every  reason  to  conclude, 
that  although  iu  the  most  accurate  experiments,  friction  is  foun<l  to  be  a 
constant  force  under  a  uniform  pressure,  this  law  by  no  means  holds  good  in 
respect  to  the  axlea  of  railway  trains,  the  pressure  on  these  varying  every 
instant,  by  the  cross  strains  and  percussions  to  which  the  carriages  are  exposed. 

With  respect  to  the  other  retarding  force,  viz.,  the  road  resistance :  this, 
while  the  motion  is  smooth  and  tolerably  even,  would  also  be  uniform  with 
any  given  radius  of  wheel ;  but  this  is,  as  we  have  seen,  very  far  from  being 
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the'case,  the  effect  being  here  even  more  obviously  dependent  on  the  velocity 
than  in  the  case  of  axle  friction.  Not  only  is  the  impediment  at  each  blow  at 
a  bad  joint,  or  other  in-egularity,  at  least  proportional  to  the  velocity,  but  the 
number  of  consequent  blows  and  percussions  are  also  greater,  as  must  be  ob- 
vious to  any  one  who  will  notice  the  difference  in  the  motion  at  high  and  at  low 
velocities  in  a  railway  carriage.  There  is  also  another  species  of  retardation 
which  must  be  included  in  the  road  resistance,  namely,  the  effect  of  the  de- 
flection of  the  rails.  This  acts  after  the  manner  of  an  inclined  plane,  so  that 
even  on  the  most  level  line,  the  carriages  are  constantly,  for  half  the  length  of 
the  rail  at  least,  ascending  a  plane ;  and  the  quantity  of  this  deflection,  and 
consequently  the  amount  of  this  retardation,  has  been  shown  experimentally  to 
be  greater  with  greater  velocities,  as  will  be  seen  on  referring  to  my  Second 
Report  to  the  Directors  of  the  London  and  Birmingham  Railway. 

It  may  be  altogether  out  of  our  power  to  determine  the  law  according  to 
which  the  friction  and  road  resistance  vary  with  the  velocity  ;  but  that  they 
are  greater  with  greater  velocities  is  unquestionable,  and  it  is  therefore  quite 
erroneous  to  attribute  that  increase  wholly  to  atmospheric  resistance. 

It  may  be  said,  that  so  long  as  the  increased  resistance  is  admitted  to  the 
amount  stated  in  the  experiments  referred  to,  it  is  of  little  consequence  from 
what  cause  it  proceeds,  but  this  I  conceive  is  quite  an  erroneous  view  of  the 
question. 

If  all  the  observed  increased  retardation  with  great  velocities  proceeded 
from  the  atmosphere,  we  should  have  an  unconquerable  impediment  opposed 
to  our  future  progress  ;  but,  if  the  retardation  proceeds  from  the  other  causes 
glanced  at  above,  then  there  is  every  inducement  for  engineers  to  endeavour 
by  improving  the  construction  of  their  lines,  particularly  the  joints  of  the  rails, 
in  order  thereby  to  overcome,  as  far  as  possible,  the  mere  mechanical  impedi- 
ments which  at  present  oppose  themselves  to  the  attainment  of  all  the  advan- 
t^es  of  which  the  railway  system  seems  to  be  susceptible.  With  respect  to 
atmospheric  resistance,  our  knowledge  is  certainly  not  so  perfect  as  could  be 
wished,  and  one  reason  is,  that  till  the  introduction  of  railways,  we  had  no  un- 
objectionable means  of  making  experiments  on  a  sufficiently  large  scale  ;  but 
the  velocities  now  attainable  are  such  as  would  enable  any  person  to  arrive  at 
very  exact  determinations  on  the  subject,  and  it  is  much  to  be  wished  that 
some  one  would  make  the  necessary  experiments. 

The  best  results  we  at  present  possess  on  the  subject  are  those  of  Dr. 
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Hutton,  as  published  in  his  "  Tracts  ;"  but  the  surface  of  the  bodies  experimented 
on  were  small  in  comparison  with  the  frontage  of  a  railway  carriage  or  loco- 
motive engine,  so  that  it  is  veiy  desirable  we  should  obtain  new  data  on  the 
subject. 

I  may  just  observe  here,  that  Mr.  Smeaton  published,  in  the  "  Philosophical 
Transactions"  for  1751,  a  valuable  set  of  ex|>Griments  on  the  resistance  of  the  air 
on  windmill  sails ;  and  in  the  same  paper  he  gave  a  table  of  direct  resistances 
at  different  velocities,  by  a  Mr.  Rouse,  adding  his  favo\irahle  opinion  relative  to 
its  accuracy.  These  results,  in  consequence  of  the  general  practical  nature  of 
Smcaton's  communications,  have  been,  1  believe,  commonly  considered  as 
deductions  from  experiments  and  observations ;  but  I  find,  on  submitting  them 
to  the  test,  they  arc  merely  theoretical  computations  from  an  erroneous  theory 
at  that  time  entertained,  that  is  to  say,  that  the  pressure  of  tiic  air  at  any 
given  velocity  is  equal  to  the  weight  of  a  column  of  air  of  double  the  height 
from  which  a  heavy  body  must  foil  to  acquire  the  given  velocity.*  These 
numbers  are  therefore  not  to  be  depended  on ;  they  are  too  high,  exceeding 
considerably  all  those  obtained  experimentally  by  Dr.  Hutton. 

It  is  to  be  hojied,  therefore,  that  some  |>ei'!iiun  who  has  the  opportunity  of 
doing  it,  will  undertjike,  with  proper  apparatus,  a  set  of  experiments  by  which 
this  question  (by  no  means  an  unim|>ortant  one  in  railway  practice)  may  be 
satisfactorily  settled. 

Tliat  the  aggregate  resistance  is  the  main  question  is  very  true,  but  we  are 
not  likely  to  arrive  at  it  in  the  aggregate,  till  we  can  obtain  the  separate  effects ; 
particularly  as  one  part  depends  upon  the  surface  exposed,  and  the  others  upon 
the  weight  of  the  load. 

There  can  be  no  doubt  that  the  aggregate  resistance  at  velocities  of  25  or 
30  miles  per  hour  is  much  greater  than  has  hitherto  been  supposed,  this  is 
prove<I  by  the  wliole  of  the  experiments  already  referred  to;  and  that  this 
resistance  should  be  better  understood  is  ver\'  evident,  when  we  consider  that 
upon  it  depends  the  great  question  of  economy  with  respect  to  gradients.  If, 
as  has  been  generally  assumed,  friction  was  the  whole  resistance  to  be  overcome, 

•  The  formula  from  which  these  numbcre  appear  to  have  been  computed  for  any  velocity,  »,  ia 

p  =  — - — -  Iba.  for  each  square  footj  a  being  the  height  from  wliich  a  hody  muat  fall  to  acquire 

the  velocity  v. 

There  is  certainly  a  trifling  difference  between  the  numbers  thus  computed  and  those  in  the  table, 
but  it  is  generally  very  inconsiderable,  in  most  cases  not  amounting  to  the  tenth  of  a  pound. 
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and  amounted  to  only  9  lbs.  per  ton,  or  -j-fytli  of  the  load,  an  acclivity  of 
1  in  250  would  double  the  tractive  force  requiretl ;  and  according  to  the 
probable  traffic  of  the  road,  a  greater  or  less  sum  might  be  advantageously 
expended  in  reducing  it  towards  a  level. 

But  if  the  aggregate  resistance  on  a  level  be  20  lbs.  per  ton,  or  TiTth  part  of 
the  load,  then  such  an  acclivity  of  1  in  250  would  be  of  much  less  comparative 
mechanical  disadvantage,  and  the  same  sum  could  not  be  economically  expended 
in  the  reduction.  When  we  know  the  amount  of  total  resistance  in  parts  of  tlie 
gross  load  at  any  given  mean  velocity,  nothing  is  more  easy  than  to  estimate 
the  increased  tractive  force  requisite  to  ascend  a  plane  of  given  inclination,  and 
consequently  the  increased  power  that  must  be  expended  to  ascend  that  plane ; 
but  even  in  this  case  errors  have  been  made  in  the  estimated  effect.  Suppose, 
for  instance,  a  plane  Iiad  such  an  ascent  that  the  effect  of  gravity  on  it  were 
equal  to  the  friction  on  a  level,  and  admit  for  the  present  that  the  friction 
remained  the  same  on  tlie  plane  as  on  tlie  level,  in  this  case  the  force  of  traction 
is  obviously  doubled,  and  it  has  in  some  cases  been  assumed  that  therefore  tlie 
power  expended  in  ascending  the  plane  is  doubled  also ;  but  this  is  not  the 
cafiCa  the  power  expended  consists  of  that  which  is  necessary  to  balance  the 
friction  of  the  engine  gear,  and  the  resistance  of  tiie  air  to  the  piston— ^/a* 
that  which  is  employed  in  overcoming  the  friction,  and  it  is  only  the  latter  that 
is  double,  the  former  remaining  the  same  in  lx>th  cases,  and  this  constantly 
abfiorbed  power,  in  the  general  run  of  engines  amounts  to  full  one-third  of  the 
whole  power  consumed;  txy  reckon,  therefore,  that  the  expenditure  of  power  is 
doubled  because  the  tractive  force  is  doubled  in  ascending  such  a  plane  as  is 
here  supposed,  is  estimating  the  mechanical  disadvantage  of  the  plane  at  much 
too  high  a  rate. 

Again,  in  descending  an  inclined  plane,  it  has  been  sometimes  assumed  that 
whereas  in  ascending  we  had  tlie  whole  power  of  the  plane  against  us,  so  in 
descending  it  is  all  in  our  favour ;  and,  excepting  the  absorl)ed  power  which  is 
constant,  this  is  true  in  theor}'  but  not  in  practice.  Regard  to  tlie  public 
safety  will  not  allow  us  to  avail  ourselves  in  the  descent,  of  the  gravitating 
power  of  the  steeper  ])lanes,  and  only  of  a  certain  portion  of  it  in  planes  of  less 
slopes.  In  others,  viz.,  in  planes  descending  1  in  500  or  700  to  1  in  1000, 
&c.,  we  may  perhaps  allow  the  whole  gravitating  power  of  the  plane  to  act 
effectively,  and  our  velocities,  therefore,  in  the  two  latter  cases  to  be  propor- 
tionably  increased, 
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I  have  had  an  opportunity  of  communicating  with  the  engineers  of  several 
working  lines,  and  have  endeavoured  to  Icani  from  them  what  acceleration  is 
allowable  in  the  descent  of  planes  of  different  inclinations.  I  have  thus  learned 
that  the  practice  is  different  on  different  railways;  but  forming  a  mean  result 
from  the  whole,  it  may  be  stated  that  in  descending  ynih  heavy  loads  planes 
of  -5L.,  i^t  -pro  J  ^'  ^s  ^^^  ^^  ^^  descend  with  a  greater  mean  speed  than  is 
attainable  with  the  same  load  on  a  level ;  and  that  on  planes  of  very  considerable 
lengths,  varying  from  -^-^  to  3-^-5,  the  speed  seldom  is  allowed  to  exceed  that 
on  a  levelt  by  more  than  one-fifth,  but  that  on  planes  between  ^j^  and  a  level, 
the  whole  attainable  speed  is  admissible. 

It  is,  therefore,  of  no  avail  that  we  actually  possess  a  power  that  would  give 
us  extraordinary  rates  of  speed,  if  considerations  of  safety  will  not  admit  of  our 
employing  it;  nor  is  it  of  any  advantage  that  we  can  dcsceud  these  planes 
with  the  admitted  velocities,  with  less  piston's  pressure,  because  the  steam 
which  would  otherwise  escape  through  the  cylinders  is  now  wasted  at  the 
safety  valves,  so  that  we  can  claim  for  the  advantage  of  the  gravitating  powers 
of  the  plane  only  so  much  as  practical  considerations  will  allow  iis  to  employ. 

Founded  on  these  facts  I  have,  in  the  last  edition  of  my  "  Treatise  on  the 
Strength  of  Materials,"  given  a  table  showing  the  mean  effect  of  gradients  of 
different  degrees,  assuming  the  friction  as  9  lbs.  per  ton.  Tliis  is  referred  to 
by  Mr.  Wood  in  his  "  Treatise  on  Railways."  It  appears,  however,  that  he  has 
quite  misunderstood  the  principles  on  wliich  it  is  founded,  as  he  states,  that 
I  have  '*  assumed,  in  all  cases,  the  descending  effect  to  be  the  same  as  on  a 
level.*'  I  am  quite  sure  this  mis-statement  is  wholly  unintentional  on  liis  part, 
and  that  he  will  have  much  pleasure  in  correcting  it  in  any  fiiture  edition 
of  his  work.* 

•  I  regret  the  more  that  this  mistake  has  occurred  in  Mr.  Wood's  "  Treatise,"  because  a  writer 
iu  the  "  Dublin  Review,"  taking  advantage  of  it,  has  copied  a  page  or  two  from  Mr.  Wood's  work,  in 
order  to  dispute  the  principles  on  which  the  proposed  gradients  arc  formed  in  the  lines  laid  down  by 
the  Irish  Railroad  Commissioners,  I  may  therefore,  perhaps,  be  allowed  to  explain,  that  the  Com* 
missioners  having  reason  to  believe  that  the  gradients,  as  laid  down  by  the  engineers,  incurred  an 
immense  expense  for  earth  work.  &c.,  which  the  expected  traffic  would  by  no  means  justify,  they 
endeavoured,  by  a  circular  issued  to  the  engineers  of  working  lines,  to  aaccrtsin  from  practical  ex- 
perience the  real  amount  of  the  im[>edimentB  and  disadvantages  of  different  inclinations ;  and  it  was 
from  a  mean  of  these  results  that  the  tables  and  principles  adopted  in  the  Report  were  founded,  and 
not  on  mere  abstract  scienliBc  views,  as  represented  by  the  writer  in  question.  The  table  alluded  to 
by  Mr.  Wood  was  derived  from  the  same  practical  data,  although  it  is  not  so  stated  in  the  work  itself; 
the  Report,  at  the  time,  not  having  been  published. 
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In  conclusion,  I  ought,  perhaps,  to  apologise  for  laying  these  remarks, 
many  of  which  may  be  said  to  be  rather  practical  than  theoretical,  before  a 
Society  abounding  in  so  much  practical  skill  and  information.  Still,  however, 
I  am  willing  to  hope  that  they  may  not  be  unacceptable. 

If,  as  I  have  endeavoured  to  prove,  the  power  expended  is  so  much  greater 
than  the  effect  produced,  particularly  at  high  velocities,  it  is  certainly  verj' 
desirable,  if  possible,  that  this  defect  should  be  remedied ;  and  if  the  resistance 
at  high  velocities  is  so  much  greater  than  at  low  velocities,  and  that  this,  in 
part,  proceeds  from  the  imperfections  in  laying  the  rails,  or  in  other  details  in 
the  construction,  it  will  follow,  that  greater  attention  should  be  paid  to  this 
part  of  railway  formation.  And,  lastly,  if  the  mechanical  impediments  pre- 
sented by  inclined  planes  or  gradients  be  comparatively  less  than  has  been 
hitherto  supposed,  greater  economy  than  heretofore  may  perhaps,  in  future,  be 
practised  in  the  scale  of  gradients  without  any  serious  effect  upon  the  working 
capabilities  of  the  road. 


Table  (A) 

Showing  the  Steau  Power  expended  in  Locomotive  Engines  in  lbs.  per  Ton  per  Mile, 
with  different  Gross  Loads,  and  at  different  Rates  of  Speed. 
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Table  (B) 

Showing  the  Pressure  per  Inch  exerted  by  Steam  at  different  decrees  of  Density,  or 
according  to  its  Bulk,  in  comparison  with  Water  at  &0P. 
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V. — Description  of  a  Sawing  Machine  for  Cutting  Railway  Bars. 
By  JOSEPH  GLYNN,  F.R.S.,  M.  Inst  C.  E. 

The  advantages  of  railway  bars  being  of  equal  and  uniform  length,  and  having 
their  ends  cut  as  nearly  square  as  possible  so  that  they  may  abut  truly  against 
each  other,  are  so  well  known  and  appreciated  that  it  would  \)q.  needless  to 
enlarge  upon  them.  To  ensure  these  advantages  several  attempts  have  been 
made,  but  none  have  been  so  successful  as  the  mode  of  cutting  off  the  ends 
by  means  of  circular  saws ;  this  system  has  been  adopted  by  the  Butterley 
Company  at  their  Iron-works  in  Derbyshire,  and  was  first  used  there  in  the 
manufacture  of  the  rails  for  the  Midland  Counties  Railway.  These  rails  are 
of  the  H  form,  as  it  is  generally  called,  the  upper  and  under  surfaces  of  the 
rail  being  the  same  in  shape,  so  that  either  may  be  used  as  the  wheel-track ; 
they  nearly  resemble  the  parallel  rails  used  on  the  London  and  Birmingham 
line,  but  are  much  heavier,  being  78  lbs.  in  weight  to  each  single  yard. 

The  circular  saw  has  been  extensively  used  for  cutting  iron,  but  to  whom 
the  merit  of  its  original  application  is  due  is  uncertain ;  the  orrlinary  mode  of 
using  it  was  to  have  the  ends  of  the  rails  as  they  came  rough  from  the  rolls, 
separately  reheatetl,  and  alternately  presented  to  the  saw,  measuring  off  by 
hand  the  refjuired  length.  Under  this  arrangement  much  depended  on  the 
workmen  employed ;  they  were  not  always  careful  in  presenting  the  bar  at 
right  angles  to  the  plane  of  the  saw,  nor  were  they  accurate  in  tlie  adjustment 
of  die  length ;  the  ends  thus  became  distorted,  and  when  laid,  were  out  of  line 
witli  the  body  of  the  rail. 

To  remedy  these  defects  the  sawing  machine  was  constructed,  and  it  has 
completely  answered  the  purposes  for  which  it  was  designed.  The  principle 
of  the  action  of  the  saws  is  the  well-known  one  of  a  disc  of  soft  iron  revolving 
with  great  rapidity,  acquiring  the  power  of  cutting  any  hanl  substances 
applied  to  its  peripliery  without  wearing  away  even  the  file  marks  on  its  edge. 
The  arrangement  of  tlic  machine  may  be  thus  described. 

The  axis  of  the  saws  and  tlie  bed  of  the  machine  (which  is  exactly  like  that 
of  a  slide  lathe)  are  placed  at  right  angles  with  the  line  of  the  rolls,  through 
whieii  the  rails  are  pas^d ;  the  saws  are  fixed  in  lathe  head-stocks,  and  slide 


198 


MR.  GLYNN  ON  A  SAWING   MACHINE 


upon  the  bed  so  as  to  adjust  them  for  cutting  the  rail  exactly  to  the  required 
length.  The  saws  are  3  feet  in  diameter,  and  ^th  of  an  inch  thick ;  they  have 
teeth  of  the  sarae  size  and  sliape  as  those  of  a  circular  saw  for  cutting  wood, 
and  they  make  1000  revolutions  per  minute,  so  that  the  periphery  of  the 
saw  moves  at  the  rate  of  9416  feet  per  minute,  and  consequently  the  teeth 
are  in  contact  with  the  liot  iron  during  so  short  a  period  that  they  receive  no 
injury.  In  order,  however,  to  avoid  all  risk,  and  to  coimteract  the  eifects  of 
the  radiating  heat  of  so  lai^e  a  mass  of  iron,  the  tower  edge  of  the  saw  dips 
into  water  contained  iti  a  cup  or  recess  cast  in  the  head-stocks.  The  saw  is 
secured  between  two  discs  of  cast-iron  faced  with  copper  rings  of  such  diameter 
that  no  more  of  the  saw-plate  is  exposed  than  is  necessary  to  cut  through  the 
rail. 

The  rail  as  it  leaves  the  rolls  weighs  about  4  cwl,,  and  is  about  17  feet  long; 
it  is  hastily  straightened  with  wooden  mallets  upon  a  cast-iron  plate,  which 
receives  it  as  it  quits  the  finishing  groove,  and  it  lies  right  for  sawing  without 
any  change  of  ])osition,  being  parallel  to  the  bed  of  the  machine,  and  sufficiently 
hot  for  being  cut.  Tims  the  expense  of  reheating  is  avoided,  and  there  is  a 
saving  of  time  and  labour.  The  rest  into  which  the  rail  is  received  is  almost 
r)n  H  level  with  the  ground,  and  is  drawn  forward  by  means  of  two  racks;  the 
pinions  that  work  these  racks  are  turned  by  a  square  axle  passing  thi-ough  the 
centres  of  them,  the  axle  being  turned  round  by  a  hand-wheel  fixed  about  the 
middle  of  it.  Tlius  the  rail  is  brought  in  contact  vrith  the  two  saws,  and  the 
ends  are  cut  off  by  one  operation.  If  the  saws  be  sharp  and  the  rail  hot  this 
is  done  in  V2  seconds,  if  not,  it  requires  15  seconds  to  do  it;  the  saw  leaves  a 
slight  burr  or  fin  at  the  section,  which  is  removetl  by  a  file  when  the  rails  are 
cold.  It  should,  perhaps,  be  stated,  that  when  the  rails  are  taken  from  the 
saws  and  are  still  hot,  they  are  laid  to  cool  in  grooves  planed  in  a  thick  cast- 
iron  plate  to  fit  their  shape,  so  that  they  cannot  warp  or  twist  in  cooling,  but 
this  is  H  refinement  in  rail-making  which  has  no  connection  with  the  sawing 
machine,  and  may  either  be  used  with  it  or  not. 

The  pivots  or  ends  of  the  axles  of  the  saws  are  of  hardened  steel  in  the  form 
nf  a  double  cone,  which  prevents  the  oil  from  being  driven  out  of  the  bearings 
when  at  a  high  speed,  the  centrifiigal  force  keeping  the  oil  at  the  joined  base 
of  the  two  cones.  The  bearings  are  supphed  with  oil  by  syphon  cups  or 
lubricators,  such  as  are  used  for  locomotive  engines,  and  tlie  machine  is  driven 
by  belts,  except  where  the  motion  is  taken  in  the  first  instance  from  the  line  of 
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rolls,  which  is  done  by  bevilled  wheels ;  but  the  mode  of  communicating  the 
first  motion  must  depend  on  circumstances. 

The  Plate  shows  an  elevation,  plan,  and  end  view  of  the  machine 
(Figs.  1,  2,  and  3) ;  a  section  of  the  saw  with  the  cast-iron  discs  faced  with 
copper  rings,  and  its  axle,  as  before  described,  drawn  to  a  larger  scale  (Fig.  4) ; 
a  section  of  the  rail  and  a  portion  of  the  saw,  full  size,  showing  the  angle  at 
which  the  teeth  act  upon  the  rail  (Fig.  5) ;  and  two  views  (Figs.  6  and  7)  of 
the  sheet- iron  hood  which  collects  and  confines  the  incandescent  dust  from 
the  saw. 

JOSEPH  GLYNN. 
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VI. — On  the  Expansion  of  Arches. 

By  GEORGE  RENNIE.  F.R.S..  &c. 

The  expansion  of  solids  has  excited  the  attention  of  mathematicians  and 
philosophers  ever  since  the  year  1688,  when  La  Hire  investigated  the  effects 
of  heat  and  cold  upon  a  rod  of  iron,  down  to  the  elaborate  experiments  of 
Mr.  Daniell  on  the  law  of  dilatation  of  metals  between  high  and  low 
temperatures,  published  in  the  "  Philosophical  Transactions"  for  the  years  1830 
and  1831.  Between  these  periods  we  have  the  experiments  of  EUicot, 
Smeaton,  Roy,  Ramsden,  and  Troughton,  in  our  own  country,  and  Muschen- 
brock,  Borda,  Lavoisier,  Laplace,  Dulong,  and  Petit,  on  the  Continent.  In 
general,  however,  their  experiments  have  been  directed  to  the  law  of  the 
expansion  of  metals  and  glass,  with  reference  to  standards  of  measurements, 
but  in  no  instance  to  their  effects  on  buildings.  Some  experiments  have  been 
made  in  France,  I  believe,  on  the- expansion  of  stones;  and  a  very  ingenious 
application  of  the  expansion  and  contraction  of  iron  rods  in  restoring  the  side 
walls  of  the  gallery  of  the  Conservatoire  des  Arts,  at  Paris,  to  their  perpen- 
dicular position,  was  made  by  M.  Molard. 

Rondelet  says,  "  Apprehensions  have  been  entertained  by  some  for  the 
solidity  of  iron  bridges,  arising  from  the  effects  of  dilatation  and  contraction 
by  changes  of  temperature."  But  experience  proves  that  these  effects  are  no 
more  to  be  feared  in  iron  than  in  stone  bridges,  inasmuch  as  that  the  abutments 
being  fixed,  the  arch  has  no  alternative  but  to  rise  and  fall  according  to  the 
increase  or  diminution  of  temperature.  If  the  arcs  of  the  intrados  and  extrados 
of  the  voussoirs  were  of  equal  lengths,  the  arcs  would  move  parallel  with 
changes  of  temperature.  But  as  the  radii  of  the  two  arcs  are  different,  an 
opening  in  the  joints  takes  place  and  becomes  an  adequate  compensation. 

Vicat  having  observed  that  the  arches  of  a  stone  bridge  built  by  him  over 
the  Dordogne,  at  Souillac,  were  subject  to  periodical  motions,  concluded  that  it 
was  owing  to  changes  of  temperature  occasioned  by  the  bridge  having  one  of 
its  sides  exposed  to  the  north  and  the  other  to  the  south,  and  concluded  that 
all  bridges  were  subject  to  the  same  alteration ;  but  he  does  not  seem  to  have 
investigated  the  elongations  or  contractions  of  arches  independently  of  exposure. 

£  E  2 


202 


MR.    RKNNIE   ON    THE 


In  tlie  year  1835,  a  paper  by  Mr.  Adie  on  the  expansion  of  different  kinds 
of  stones  by  increase  of  temperature,  was  published  in  tlie  13th  vol.  of  the 
"  Transactions  of  the  Royal  Society  of  Edinburgh."  Mr.  Adie  states  tliat  hi* 
attention  )md  been  accidentally  directed  to  the  increase  in  tlie  0|)ening8  of  a 
wall  during  a  long-continued  and  severe  frost  which  occurred  in  the  year  1826 ; 
but  it  was  not  until  tlie  year  1830  that  an  interdict  of  the  Dean  of  Guild, 
Court  of  Eldinburgh,  rendered  the  rate  of  expansion  of  stone  a  matter  of  more 
importance  than  merely  a  curious  philosophical  speculation.  The  reasons 
given  for  interdicting  the  operations  were,  **  That  the  pillars  had  not  sufficient 
strength  to  support  the  weight  of  the  front,  and  that  the  difference  of  the 
expansion  of  cast-iron  and  stone  was  so  great,  that  very  prejudicial  effects 
might  arise  from  the  use  of  such  pillars  in  this  situation."  Mr.  Jardine,  of 
Edinburgh,  was  consulted  on  the  part  of  the  Dean  of  Guild,  and  Mr.  Adie,  sen., 
was  requested  by  the  proprietor  of  the  building  to  calculate  the  difference  of 
expansion  between  cast-iron  and  stone  pillars.  Sufficient  data  were  easily  got 
for  the  expansion  of  cast-iron,  but,  "  the  only  experiments  which  could  be 
found,"  says  Mr.  Adie,  "  arc  contained  in  a  short  notice  by  M.  Destiguey  in 
the  7th  vol.  of  the  '  Quarterly  Journal  of  Science,  Literature,  and  Art* "  The 
experiment  cannot  be  found  in  that  Journal. 

Mr.  Adie  further  states,  that  since  the  commencement  of  his  experiments 
he  had  "  seen  a  notice  in  the  *  London  and  Edinburgli  Journal  of  Science' 
of  a  letter  read  on  the  12th  of  March,  1834,  to  the  Geological  Society,  by 
Mr.  Charles  Babbage,  in  which  the  author  states,  from  the  experiments  of 
Colonel  Totten  recorded  in  '  Silliman's  Journal,**  he  has  calculated  a  Table 
of  the  expansion  in  feet  and  decimal  parts,  of  granite,  marble,  and  sandstone, 
fi^m  which  he  finds  the  alteration  in  bulk  so  great,  supposing  the  sti*ata  under 
the  Temple  of  Jupiter  Serapis  to  expand  at  the  same  rate  as  sandstone,  and 
an  increase  of  temperature  equal  to  100°  to  act  on  them  to  the  depth  of  5  miles, 
the  temple  would  be  raised  25  feet." 

Mr,  Adie  then  describes  a  steam  pjTometer,  and  an  ingenious  mode  of 
making  his  experiments  on  the  expansion  of  various  kinds  of  stones  and  prisms 
of  cast-iron  at  180^  Fahrenheit,  the  results  of  which  are  given  in  a  tabular  form, 
<ind  from  which  he  concludes,  "  it  is  evident  that  no  danger  is  to  be  appre- 
hended from  a  change  of  temperature  affecting  cast-iron  and  sandstone  in  any 
great  degree,  as  their  expansion,  so  far  as  regards  i>uildiugs,  may  he  considered 
*  Colonel  Totten's  expcriraents  on  stouc  cannot  be  found. 
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rtgl^Uie  same."  Mr.  Adie  found  the  rates  of  expansion  to  be  considerably 
influenced  by  tlie  humid  or  dry  states  of  the  specimens,  so  tliat  white  marble 
jjarticularly  received  a  permanent  increase  of  length  with  increased  degrees  of 
temperature. 

There  appeared  to  be  no  connection  between  the  density  of  stones  and  their 
expansibility.  In  conclusion,  Mr.  Adie  is  of  opinion  that  not  the  slightest 
degree  of  danger  can  arise  from  the  use  of  cast-iron  in  buildings  on  account  of 
the  difference  of  their  expansion  for  all  ordinary  degrees  of  tenq>erature. 

The  intnxluction  uf  iron  in  bridges,  and  the  subsequent  failure  of  several 
of  these  structures,  over  tlie  Tame  in  Herefordshire,  over  the  Tees  at  Yarni, 
and  t!»e  iron  bridge  at  Staines,  for  example,  led  to  the  conclusion  that  these 
failures  were  owing  to  the  expansion  and  consequent  pushing  asunder  of  the 
abutments;  and  one  of  the  arguments  adduced  against  the  iron  arch  proposed 
by  Messrs.  Telford  and  Douglas  in  j)lace  of  the  Old  London  Bridge,  was  tlie 
utter  impracticability  of  constructing  abutments  capable  of  witlistanding  the 
expansion  of  so  large  an  arch. 

The  same  arguments  were  employed  against  the  arches  of  the  Southwark 
Bridge.  In  order,  tlierefore,  to  satisfy  public  opinion,  as  well  as  his  own  mind, 
upon  this  subject,  the  late  Mr.  Rennie  requested  liis  son,  the  present  Sir  John 
Rennie,  to  undertake  a  scries  of  experiments,  upon  the  effect  nf  temperature,  on 
the  arches  of  the  Southwark  Bridge.  Accordingly  preparations  were  com- 
menced in  the  month  of  January,  1818,  at  the  time  when  the  main  ribs  and 
diagonal  braces  rested  upon  the  centres,  previous  to  the  driving  the  iron  wedges 
between  the  abutting  plates  and  the  stone-work,  and  l^fore  any  of  the  spandrils 
and  road-platcs  had  been  put  upon  them.  The  thermometer  then  ranged  from 
S^*  to  45°  Fahrenheit.  The  first  experiment  was  tried  ^vith  iron  and  wooden 
wedges,  both  of  which  gave  uniformly  the  same  results. 

Fbit EsperimeDta.  Tlic  measurcmcnts  were  taken  to  -j*-^  of  an  inch,  the  results 
of  which  gave,  for  the  first  arch  -^,  centre  arch  |-J,  third  arch  Vt*  ^^^  a" 
increase  of  13  degrees  of  temperature ;  or  ^  of  an  inch  in  first  and  third  arch, 
and  ^  of  an  inch  in  centre  arch,  for  1°  F.  of  increase  of  temperature. 

8wo»4  8et.  Experiments,  were  also  tried  in  the  montlis  of  August  and 

September  of  the  same  year,  at  a  time  when  the  arches  were  completely  clear 
of  the  centres.  Several  others  had  previously  been  tried  (by  means  of  rods 
applied  to  the  bearings  of  the  centres,  as  well  as  by  a  spirit-level),  though 
not  sufficient  to  enable  us  to  form  any  tolerable  conclusion. 
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The  total  range  of  the  thenriometer,  during  the  whole  time,  out  ot  the  sun, 
wai5  from  42°  to  75°  ==  33°  F.  variation. 

The  result  of  10  experiments  tried  upon  the  3  arches,  with  a  range  of  tlie 
thennometcr,  from  54°  to  75"  =  21°  F.  variation. 

For  every  10  degrees  of  Fahrenlieit — for  the  first  arch  ^,  for  the  centre 
^,  for  the  tiiird  arch  -J-J^  of  an  inch ;  or  ^V  of  an  inch  in  the  two  exterior 
arches,  and  ^  of  an  inch  in  the  centre  arch,  for  1°  F.  in  temperature. 

The  result  of  23  experiments,  on  the  third  arch,  gave  -^^  or  ^  for  10°  F. 
in  temperature,  or  -j^  of  an  inch  for  eiicli  degree. 

Mod*  of  obwTviiix.  The  mode  of  performing  the  experiments,  consisted  in  having 
a  stout  piece  of  wood,  3  inches  thick,  properly  planed  and  levelled,  fixed  to  the 
top  of  the  ribs  of  the  centre,  in  three  places :  one  on  the  east,  middle,  and  west 
ribs,  exactly  in  the  centre  of  tlie  arch,  and  about  -J  of  an  inch  clear  of  the  iron  ; 
fine  planed  wedges  3  inches  wide,  and  adapted  to  the  above  spaces,  were  applied 
at  difierent  hours  in  the  day,  using  two  thermometers  at  the  same  time :  one  in 
the  sun,  and  the  other  in  the  shade;  and  the  rise  and  fall  by  these  means  were 
taken  to  about  -^  of  an  inch. 

The  eastern  ribs  seem  to  be  more  affected  than  the  western ;  this  of  course 
is  to  be  attributed  to  the  longer  continuance  of  the  sun's  rays  upon  die  former 
than  the  latter;  it  is,  however,  upon  tlie  whole  hardly  worth  wliile  taking 
into  tlie  calculation. 

TurdSri.  Tlic  following  experiments,  upon  the  Southwark  arch,  were 

tried  by  three  accurate  thermometers,  by  Dollond,  graduated  to  half  a  degree : 
one  hanging  in  the  open  air,  another  having  the  bulb  immersed  1^-  inch  in  the 
iron  itself,  and  the  third  hanging  amongst  the  iron  ribs,  where  the  temperature 
upon  tlie  whole  was  much  less  liable  to  the  sudden  variations  of  the  external 
atmosphere.  To  the  former  wooden  block  was  attached  an  accurate  brass  scale, 
by  DoUond,  divided  into  -g^  of  an  inch,  and  a  fine  piece  of  feathered-edged  brass 
nicely  fixed  to  the  rib,  which,  by  the  rise  and  fall  of  the  arch,  traversed  upon 
the  scale,  and  thus  indicated  the  expansion  and  contraction  with  tolerable 
certainty. 
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I. 


Thursday,  SBmuBBa  17th.    Commenced  in  the  Morning. 


TlMI. 

TfamBoiitfltm 
in  Ail. 

TharatCMBatar 
ia  IioD. 

TbwnoDMtor 

ftBMOf 

thoRibt. 

Stats  cv  Aeci. 

At    5  A.H.  . 

42« 

Could  not  tw 

tMB. 

ASP 

6 

46*> 

45 

Stationary. 

7 

45 

45 

Rise  just  discernible. 

8 

47 

50 

Risen  ^jr> 

9 

48 

51 

Do.    Vr. 

10 

50 

53 

Do.    ,V. 

U 

52 

55 

Do.    A- 

12 

53 

55 

Do.    A. 

1   ?.H.  . 

54 

56 

Do.     ,V. 

2 

55 

57 

Do.    ,V. 

3 

55 

57 

Do.     v.. 

4 

56 

57 

Stationary. 

5 

56 

57 

Rt»en  f\. 

6 

56 

57 

Do.    ,V. 
Total  rUe  for  15°  F.  |{.  or  ^  of  an 
that  i^,  ^th  of  an  inch  for  1^  F. 

inch; 

II. 


Friday,  Septeubsr  18th.     Still,  Foggy  Morning — No  Wind. 


TiMK. 

TlwrmofMUi 
la  Air. 

TbMnioinetei 
la  IroD. 

TbenDOMHler 

aaons 

the  RI&. 

Stati  or  AicH. 

At    5  A.M.  . 

48° 

50° 

49° 

6 

50 

50*5 

50 

Stationary. 

7 

50-5 

50 

50 

Do. 

8 

51 

51 

51 

tV"8e. 

9 

52 

51 

52 

»V  do. 

10 

53 

52 

53 

*V  do. 

11 

56-5 

53 

56 

Ado. 

12 

58 

54 

57 

tV  do. 

1  P.M.   . 

58-5 

55 

57 

0   do. 

2 

59 

56 

58 

rV  do. 

3 

60 

56 

58-5 

^  do. 

4 

58 

56 

58'0 

Ado. 

5 

57 

56 

08-0 

Stationary. 

6 

57 

55-5 

57-5 

Do. 

J  before  7  . 

59 

0 

59 

Falling  just  discernible. 
Total  rise  for  lO"*  F.  U,  or  }  of  an 

inch; 

that  ii,  ^th  of  an  inch  for  1"^  F. 
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III. 


Saturday,  Siptembir  19th.     Very  quiet,  itill  Morning— Nu  Wind. 


TlMt. 

Tbannonwter 
hi  Air. 

ThoRiuHiMtar 

UDong 

tiw  Ribs. 

Tbmnonvtar 
la  Iron. 

STATt  or   AlCB. 

At  5  AM.  . 

57° 

58° 

56° 

Stationary. 

6 

56 

58 

56-5 

Do. 

7 

56 

58 

57-5 

Do. 

8 

59 

59 

58 

T^Tiae. 

9 

62-5 

61 

59 

Ado. 

10 

64 

63 

60 

Ado. 

11 

64-5 

63 

61 

Ado. 

12 

65 

64 

62 

Ado. 

1  P.M.    . 

64 

64 

62-5 

■iV  do. 

2 

65 

64 

63-5 

Ado. 

3 

65 

64 

63 

StatioQary. 

4 

65-5 

64 

63 

Do. 

5 

63-5 

63-5 

62-5 

Do. 

6 

62 

63 

62 

^  fallbg. 

For  71°  F.  a  of  an  inch ;  that  is,  ^th  of 
an  inch  tor  1°  F. 

IV. 


Wednbsdat,  Sbptrmbkr  23rd.     Still  Morning— A  light  Breeze. 


Tbarmoowur 

Thmsomator 

in  Air. 

tbeRibB. 

ta  Iron. 

State  op  Akdr. 

' 

At   5  AM.  . 

50° 

51° 

0° 

6 

51 

52 

53 

Stationary. 

7 

55 

54 

54 

Just  beginning  to  rise. 

8 

58 

57 

hb-2b 

^riae. 

9 

60 

59 

57 

Ado. 

10 

60 

60 

58 

Vt  do. 

11 

61 

61 

58-5 

Ado. 

12 

64 

63*5 

60-5 

Ado. 

1 

1   P.M.  < 

64 

64 

61 

Ado. 

1 

2 

65 

65 

63 

A  do. 

3 

65 

65 

64 

A  do. 

' 

4 

65 

64-5 

64 

Stationary. 

: 

5 

63-5 

64-5 

64 

Do.       ' 

Total  ritte  fur  11'  F.  J^  of  an  inch ; 
ia,  ^tii  or  an  inch  tur  \°  F. 

t 

that 
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V. 


TauBSDAT,  SxPTBUBBR  24th.    Mild,  itill  Morning. 


Tmi. 

in  Air. 

TbcniKMiMtn 

uBoag 

tbaRibt. 

TbmBonwtcT 
ialroa. 

Statk  a»  Ami. 

At    6  A.M.  . 

55° 

55° 

0° 

7 

55 

56 

55 

Stationary. 

8 

58 

57 

56 

Do. 

9 

58 

58 

57 

Do. 

10 

61 

60 

58 

Vrri«e. 

11 

62 

6L 

60 

iVdo. 

12 

66 

63 

60-5 

/r  do. 

1  P.IC.  . 

66 

63 

61 

Ado. 

2 

65 

63-5 

62 

A  do. 

3 

63 

63 

62 

Ado. 

4 

61*5 

62 

62 

Stationary. 

5 

61 

61-5 

61 

Do. 

6 

59 

60*5 

61 

Do. 

Total  rise  for  6=*  F.,  i|  of  an  inch; 
ii,  Jfth  of  ao  iuch  for  1°  F. 

that 

VL 

Friday,  Sbptbmber  25th.    Mild,  still  Morning. 


Tims. 

Tbmnometn 
In  Air. 

Themwinfltor 

■moof 

UwRlbt. 

Tb«niion«l«r 
in  Inn. 

Stats  or  Aaca. 

At  6  A.U. . 

53 

54° 

0° 

7 

54 

55-5 

55-5 

Stationary. 

8 

54 

56 

56 

Do. 

9 

58 

57-5 

57 

Do. 

10 

58 

57*5 

57-5 

Do. 

11 

58-5 

58 

58 

Arise. 

12 

60 

59 

58 

Ado. 

1    F.U.  . 

61 

59 

58-5 

.Vdo. 

2 

64 

61 

60*5 

Ado. 

3 

63 

62 

60 

A  do. 

4 

62 

62 

60 

Ado. 

5 

62-5 

60-5 

60 

0   do. 

6 

61 

60 

59 

Stationary. 

Total  riae  for  4-5°  F.,  |g  of  an  inch ; 
ii,  g^th  of  an  inch  for  V  F. 

that 

VOL.  III. PAHT  III. 
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VIL 

Saturday,  Sbptbubsr  26th.    Morning  Wet  and  Stormy. 


TlMI. 

ThaiBonater 
Id  Air. 

TbemwiDSltfr 
theRitw. 

'nmnwiMfr 
In  Inn. 

■■  ■■■                                                I 

Statk  or  Abob. 

At   6  A  M.  . 

59** 

57° 

0* 

11 

59 

57 

55 

iVrise. 

12 

60 

59 

56 

iVdo. 

1    PU.   . 

62 

60 

56 

0    do. 

2 

63 

61 

57 

Ado. 

3 

63 

60 

58 

Vt  do. 

i       4 

62 

62-5 

58 

0    do. 

1         5 

61 

60 

58 

0    do.                                              1 

1         6 

60 

59 

58 

0    do.                                              j 

1  became  dark 

i 

1 

1 
» 

1 

Just  falling. 

Total  riM  for  3<*  F.  A  *>^  ^^  u>ch;  that  ■ 
it,  ^th  of  an  inch  for  1°  F. 

The  outer  Ribi  were  alio  obwrred,  and  , 
gBTe  the  tame  remit  within   a  Terj 
•mall  quantity.                                          ; 

VIII. 

Sunday,  Septsmbbr  27th.    A  fine,  mild  Morning — the  Wind  southerly. 


Time. 

Th«nnoiiutsr 
la  Air. 

TbenaonetCT 

•moiic 

theRftM. 

■    -  -                       ■    ■ 1 

inlroo.       i                           8tat«o»A«w. 

At  7  A.M.  . 
2  P.M.  . 

•   54'' 
62 

•• 

" 

/t  rise- 
Total  rite  for  8°  F.  j^  of  an  inch ;  that  is 
J^thofan  inch  for  l^F. 
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IX. 

Monday,  Septembir  28tfa.    Fine,  mild  Morning. 


Tint. 

Tbrnnoowtn 
in  Air. 

Thennomttor 
thvBiBs. 

Thanaomttor 
In  Inn. 

Stats  or  Abcb. 

1   At  6  A.M.  . 

60** 

60* 

59-5° 

7 

60-5 

60-5 

59 

Stationary. 

8 

62 

61 

59 

Vrrise. 

!     y 

64 

63 

61 

Ado. 

10 

66 

65 

64 

0    do. 

a 

69 

67 

63 

A  do. 

12 

72 

69 

64 

Ado. 

1   P.M.  . 

74 

69 

66 

^do. 

2 

73 

70 

67 

Ado. 

3 

73 

70 

68 

Ado. 

4 

69-5 

68 

67*5 

Ado. 

5 

68 

67-5 

67 

Stationary. 

6 

67-5 

67 

67 

Do. 

Total  riM  for  7-5  T.U  of  an  inch; 
is,  ^th  of  an  inch  lor  l**  F. 

that 

When  these  experiments  were  tried  nearly  all  the  road-plates  were  on, 
but  none  of  the  cornice,  frieze,  or  parapet. 


RESULT  OF  EXPERIMENTS. 


The  result  of  the  preceding  experiments  being  collected  together,  we  have 
the  following  Table : — 


No.  of 
BzpivlaMnL 

Totei 

TuUtiooln 

Tampantora,  In 

degnes  F. 

Total 

Blatin  Areh, 

In  puts  of 

an  indi. 

Biaa  far  1*>  F. 

I. 

15° 

H 

A 

II. 

10 

H 

A 

III. 

7-5 

n 

A 

IV. 

11 

H 

1 

nr 

V. 

6 

n 

A 

VI. 

4-5 

n 

I 

TT 

VII. 

3 

A 

A 

VIII. 

8 

■   4 

A 

IX. 

7*5 

H 

A 

F   F   2 


210  MR.    RENNIB  ON   THE 

The  discrepancies  in  these  results  are  not  greater  than  is  to  be  expected  in 

observations  of  this  nature.    If  we  take  the  mean  of  the  whole,  the  rise  will  "he 

2-1 

"qTT*  or  -^th  of  an  inch,  for  each  degree  of  temperature.     Hence  the  total  rise 

for  50**  F.  would  be,  according  to  the  result  of  these  observations,  1 '  25  inches. 


CALCULATION  FOR  THE  RISE  OF  THE  ARCH  OF  SOUTHWARK  BRIDGE  ON 
AN  INCREASE  OF  50°  F.  IN  TEMPERATURE." 

Length  of  chord  of  extrados       ....     246  feet,  or  2952  inches. 

Versed  sine,  or  rise  of  extrados  ....      23  feet  1  inch,  or  277  inches. 

1476  X  1476 
Diameter  of  circle  of  extrados  = ^77 +  277  =  8141 '89  inches. 

Then     4070-945  :  1476  ::  radius  :  sin -|- arch, 

10-0000000 
3-1690864 


13-1690864 
3-6096904 

9-5593960 


Whence     i  arch  =  2^  31'  30", 

And  circumference  of  circle  of  arch  =3*1416  x  8141*89  =  25578  -  56  inches, 
Therefore    360*^  :  21*  15'  30"::25578-56  :  Length  of -i- arch  (=  1510-4), 
or  length  of  arch  ^  3020 '8  inches. 

Taking  the  expansion  of  iron  according  to  Lavoisier  for  1"F.  at  "00000618 
its  length,  we  have  for  50**  F., 

the  expansion  of  arch  =  3020-8  x  50  x  -00000618 
==  -9334272 
A  length  of  expanded  arch  =  3021*7334272 

The  height  of  the  arch  of  which  the  chord  is  2952  inches,  and  the  length 
3021*7334272,  would  be  278*9  inches. 

*  This  calculation  must  be  conBidered  as  an  approximation  only.  It  proceeds  on  the  hypothesis 
that  the  arch,  when  expanded,  will  be  a  longer  portion  of  the  circle  of  the  same  radius.  The  curve 
will  depend  on  the  pressure  which  exists  at  every  point,  and  consequently  its  exact  form  cannot 
be  assigned. 
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Then  278 "9  inches— 277  inches  =!•  9,  or  2  inches  nearly,  which  would 
be  the  rise  of  the  arch  consequent  on  50^  temperature. 

Rise  by  calculation 1*9 

Do.  by  observation 1 '  25 

Difference  between  calculation  and  observation .       •  75,  or  -J  of  an  inch. 

On  comparing  the  mean  of  the  experiments  with  the  preceding  calculation 
we  find  a  considerable  difference.  The  mean  of  the  experiments  on  the  rise  of 
the  centre  arch  gives  a  rise  of -J^  of  an  inch  for  every  10  degrees  of  temperature ; 
so  that,  taking  the  mean  rise  for  every  10  degrees  at  -J^  of  an  inch,  and  the  total 
range  at  50°,  we  have  a  total  rise  of  1^  inch  for  the  centre  arch,  which  is  ^  of 
an  inch  less  rise  than  that  given  by  preceding  calculation.  Considering, 
however,  the  frequent  variations  of  temperature  in  our  climate  during  the  day, 
and  the  great  mass  of  metal*  exposed  to  its  influence,  the  difference  is  not 
surprising ;  indeed  it  was  found  that  the  arches  did  not  attain  their  maximum 
expansion  or  contraction  until  several  hours  after  the  maximum  or  minimum 
temperatures, 

*  The  weight  of  the  centre  arch  is  1665  tons,  and  of  each  of  the  side  arches  1460;  total, 
4585  tons. 
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ON  THE  EXPANSION  OF  IRON  UNDER  THE  ATMOSPHERIC  VARIATIONS  OF 

TEMPERATURE. 

In  tlie  year  1818,  being  desirous  of  ascertaining  tlie  effect  of  temperature  on 
the  strength  of  iron,  I  suspended  a  bar  of  wrought  iron,  \  of  an  inch  in 
thickness,  in  such  a  position  that  a  lever  attached  to  it  should  indicate,  by  the 
expansion  of  the  iron  rod,  the  variations  of  tempei-ature  on  a  graduated  arc. 
Tlie  end  of  the  lever  was  then  loaded  with  a  weight  equivalent  to  within  the 
limit  of  the  average  tension  of  a  rod  of  similar  dimensions,  and  the  lever  being 
placed  exactly  level,  on  a  zero  point,  the  variations  of  temperature  were 
exliibited  on  either  side  of  zero.  The  experiment  commenced  in  October,  from 
winch  period,  as  the  weather  became  warmer  or  colder,  the  lever  continued  to 
rise  and  fall,  morning,  noon,  and  night,  until  a  frost  in  November  came  on, 
when  the  bar  was  found  broken.  The  conclusion  was,  that  the  iron  had 
Ijecome  weakened  by  the  cold. 

As  a  furtlier  example  of  the  effect  of  expansion,  but  arising  from  a  different 
cause,  1  may  relate  the  following. 

During  the  severe  frost  which  took  place  in  the  winter  of  1820,  several  of 
the  lamp-posts,  placed  on  the  pedestals  of  the  Southwark  Bridge,  were  found 
broken  at  the  tenons,  or  joggles,  whicli  fit  into  corresponding  holes,  or  mortices, 
cast  in  the  pedestals;  several  lamp-posts  also  were  thrown  out  of  their  perpen- 
dicular position.  On  lifting  off  the  lamp-posts,  it  was  found  that  the  holes 
were  filled  with  ice,  occasioned  by  the  water  lodging  in  them,  and  which, 
having  been  frozen,  and  consequently  expanded,  displaced  the  lamp-posts ;  and, 
in  several  instances,  owing  to  the  unequal  depths  of  the  holes,  broke  them  at 
the  tenons.  To  prevent  a  similar  recurrence  of  these  accidents,  counter  holes 
were  drilled  into  the  bottom  of  each  hole  laterally,  by  which  the  water  now 
runs  off,  and  nothing  of  the  kind  has  since  occurred. 

A  set  of  experiments  was  made  at  the  request  of  Mr.  Rennie,  by  Mr.  Samuel 
Walker,  of  Rotherham.  in  the  months  of  July  and  August,  1818,  on  the  length 
of  a  large  portion  of  the  frieze-plates  of  the  bridge  at  various  temperatures. 
Tlie  frieze-plates,  2^  inches  thick,  and  2  feet  10  inches  high,  were  bolted 
together  and  raised  upon  a  firm  platform  3  feet  from  the  ground.  The  length 
of  the  plates  bolted  together  was  231  feet  ^  inch,  at  a  temperature  of  60°  F. 
Tlie  temperature  of  the  atmosphere  and  of  the  plates  was  noted  at  5  o'clock  in 
the  morning  and  3  o'clock  in  the  afternoon,  the  coolest  and  hottest  portions  of 
the  day ;  thennometers  for  this  purjjose  being  suspended  in  the  air  and  laid  on 
the  plates.    The  results  are  given  in  the  following  Table. 
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ON  THE  EXPANSION  OF  STONE  BRIDGES. 

In  the  year  1834»  two  years  after  the  completion  of  the  stone  bridge  over 
the  Thames,  at  Staines,  and  after  the  arches  had  attained  their  full  settlement, 
openings  were  observed  in  the  joints  of  the  parapets  immediately  over  the 
springing  of  the  arches,  and  a  distortion,  or  sinking  of  the  upper  curve  of  the 
parapets,  was  the  result.     Convinced  of  the  true  cause,  I  inserted  into  each  of 
the  openings  an  iron  wedge  until  it  descended  to  an  inch  and  a  half,  and  with 
a  tracer  marked  the  lowest  point  of  descent  of  each  wedge.     This  was  in  the 
niontli  of  January,  when  the  weather  was  very  cold.     The  same  wedges  were 
careftilly  inserted  in  the  openings,  once  a  week,  until  the  month  of  May,  when 
the  wedges  could  no  longer  enter,  as  tlie  joints  had  closed  so  firmly,  as,  in  some 
instances,  to  chip  off  small  pieces  of  stone  from  the  upper  edges  of  the  parapet. 
The  reverse  effect,  however,  was  found  to  take  place  with  the  joints  immediately 
over  the  crowns  of  the  arches,  which,  from  being  quite  close  before,  were  then 
open.     The  conclusion  was,  that  tlae  arches  had  been  affected  by  variations  of 
temperature :  contracting,  and,  consequently,  descending  in  the  winter,  and 
opening  the  s[)andril  joints,  and  expanding  and  closing  these  joints  in  the 
summer ;  thiis  the  joints  of  the  parapets  (which  were  made  of  single  slabs  of 
granite,    for   the  whole   height)   became  good   indicators  of  the  changes   of 
temperature.    Tliese  phenomena  had  often  been  noticed  by  me  in  the  Waterloo 
and  other  bridges,  where,  from  the  joints  having  been  made  good  with  Roman 
cement  in  the  winter,  were  found  broken,  or  rather  crushed,  in  the  summer. 
No  doubt  therefore  remained  of  the  fact,  although  it  was  desirable  to  verify  it 
by  experiment.    Accordingly,  1  procured  several  samples  of  granite,  sandstone, 
and  slate,  as  nearly  as  possible  of  similar  dimensions,  and,  having  placed  them 
in  a  properly  constructed  oven,  ascertained  their  rates  of  expansion,  by  scales 
and  micrometer  screws.     The  specimens  were  measured  as  they  received  a 
fresh  increase  of  heat,  and,  when  taken  out  of  the  oven,  were  placed  in  a 
wooden  box,  and  allowed  to  cool  gradually,  so  that  the  decrease  of  heat  might 
be  measured  in  the  same  manner.     The  results  will  be  found  in  the  annexed 
Table. 

From  the  preceding  statements,  we  may  conclude  that  all  buildings  are 
subject  to  expansion ;  but  that  the  range  of  temperature,  arising  from  solar 
heat,  cannot  be  prejudicial  to  their  stability. 
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EXPERIMENTS  ON  THE  EXPANSION  OF  IRON  AND  STONE. 

Bt   GEORGE   RENNIE,   Esq. 
March  and  Aprii.,  1834. 


Length 

Bramdth; 

Thickneu; 

CoQt«dt«t 

Tmspetaturt. 

ExpuutoD 

Ratal 

MATERIAL. 

in 

paiU 
of 

parti 
of 

parti 
of 

when 

Id 
ToUl  Lengtb; 

iha 
Lengtb  In  Air 

«  F<^>t 

A  Foot. 

a  Foot 

Baated. 

Fact. 

iwiugl. 

Cast  Iron     .     . 

4-886 

•416 

•175 

-356 

32° 

70° 

Notpereepttble 

Do.       .... 

.  , 

, , 

, . 

, , 

, , 

86 

•003472 

1*0007104 

Dou       .      .      .      . 

,  , 

, , 

, , 

^  ^ 

, , 

200 

•008333 

1-0017049 

Do 

,  , 

. . 

, , 

, , 

, , 

100 

•003472 

r0007l04 

Do 

,  , 

,  ^ 

. , 

, , 

. , 

150 

-0U52083 

1'001065 

Granite  .... 

5- 

•5 

•3 

•833 

45 

220 

'01458 

1-002916 

Do 

, , 

, , 

, . 

, , 

, , 

100 

•00208 

r000416 

Clay  Slate    .     .      . 

5  00625 

•75 

'2083 

•791 

46 

70 

, , 

, , 

Do 

«  • 

. . 

a   , 

,  , 

, , 

87 

-00208 

1^000416 

Do.       .... 

,   , 

, , 

,    , 

,  ^ 

, , 

104 

•00347 

] •000693 

York  Paving     . 

4-916 

•416 

•25 

•512 

46 

95 

•00833 

1-001695 

MicaciouB  Sandstone 

, , 

, , 

, , 

, , 

, , 

98 

-00333 

1- 000678 

Do 

5  166 

•5 

•25 

*646 

46 

70 

, , 

. , 

Do 

. , 

, , 

, , 

, , 

, . 

98 

•00694 

1'001344 

Do.      ...     . 

6- 

■6 

•25 

I- 

52 

200 

•010416 

1-001736 

Do 

•■ 

•• 

11 

180 
200 
150 

-00625 
-00625 

•00416 

1-001041 
1-001041 

1-000832 

Do 

Do 

^ 

.. 

.. 

Do 

, , 

, , 

, , 

,  ^ 

, , 

100 

•003125 

1-000520 

Do.       .... 

5- 

•5 

•25 

•625 

52 

122 

•00416 

1-000832 

Do.       .... 

, , 

, , 

, , 

,  , 

, , 

140 

00333 

1-000666 

Do 

45 

100 
160 

002083 
-00625 

1-000416 
I '00125 

Do 

,. 

^ 

.. 

^  ^ 

Do 

5- 

416 

•25 

'521 

45 

260 

•00729 

1-001453 

Stock  Brick       .     . 

■■ 

52^ 

260 

1-0025 

CALCULATIONS  OF  THE  EFFECT  OF  50°  INCREASE  OF  TEMPERATURE  ON 
THE  MIDDLE  ARCH  OF  STAINES  BRIDGE. 


Paet.       Id 


Chord  of  extrados 82     3,  or  987  inches. 

Versed  sine 9     4,  or  112  inches. 

493-5  X  493-5 


The  diameter  = 


112 


+  112  =2886-48  inches, 


2286-48 
and  radius  == ^ =  1 143  •  24 
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Then      1143*24  :  493-5  :;  rad  :  sin  i  arc 
10-000000 
2-693287 


12-693287 
3-058137 

9-635150 


and  i  arch  =  25°  34' 409".  , 

The  semicircumference  =  1143-24  x  3'  1416  =  3591-602784 

180'='  :  25°  34' '409  ::  3591 '6  ;  length  of -i-  arc 
10800   :       1534-4      ::  3591  6  :  510-27. 

Length  of  whole  arch       =2  x  510*27  =  1020-54 

Amount  of  expansion        =  1020  *  54  x  ■  000004^8  x  50°  =  0  •  22349826 

Length  of  expanded  arch  =  1020  ■  54  +  0-22349826  =  1020  •  76  inches,  &c. 

The  height  or  versed  sine  of  an  arc,  of  which  the  chord  is  987  inches,  and 
the  length  1020-76  inches,  would  be  112  "3  inches. 

112-3—112  =  0-3,  which  is  the  rise  consequent  on  50°  increase  of 
temperature. 


From  the  extremity  of  chord  to  top  of  parapet  is  176  inches,  and 
493*5  :  176  ::  0*3  :  0*10  inch,  which  is  the  effect  of  this  rise  in  a  lateral 
direction  at  the  level  of  the  parapet  over  the  centre  of  each  pier. 

Chord  of  i  arch  =  ^(112)*+ (493-5)*      =506-0  inches. 
Chord  of  expanded  ^  arch  =  ^(506*0y-(112-3)»  =  493  *  38  inches. 

The  lateral  movement  of  one  spandril,  from  the  crown  of  the  arch,  by 

the  rise, 

=  493-5-493-38  =  0-12  inches. 

The  whole  lateral  movement  from  the  crown  of  the  arch  by  the  rise,  each 
spandril  receding  the  same  distance  from  the  middle  point, 

=  2  X  0*12  =  0-24. 

In  addition  to  the  above  lateral  movement,  there  would  be  a  departure  of 
each  spandril  from  the  perpendicular  to  the  crown  of  the  arch,  equivalent  to 
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what  would  be  produced  by  a  movement  round  the  point  at  the  crown  by  a 
iall  of  0"3  at  the  distance  of  ^  the  chord  of  the  arc.  Height  from  crown  to 
parapet-level  is  66  inches. 

Then  493*5  :  66  ::  0-3  :  0*04.  The  departure  of  one  spandril  from 
the  perpendicular. 

The  whole  separation  of  spandrils  at  parapet-level  over  the  crown  of  arch 
due  to  this  revolving  motion, 

=  2  X  0-04  =  0"08. 

Total  opening  at  the  level  of  parapet  over  the  crown, 

=  0*24  X  0-08  =  0-32. 

The  expansion  of  one  spandril  (that  is,  between  centre  of  arch  and  centre 
of  pier)  would  be  ==  493  ■  5  x  50*  x  .  00000438  =0-108  inches. 

This  expansion  would  tend  to  diminish  the  opening  already  mentioned  as 
taking  place  above  the  crown,  and  would  tend  to  increase  the  compression 
which  takes  place  above  the  piers.* 

The  following  are  the  results  of  the  experiments  of  M.  Destigny  on  the 
expansion  of  stone  and  metals. 

ON  THE  EXPANSION  OF  STONE,  AND  THE  MEANS  OF  MEASURING  IT. 

By  M.  DESTIGNY.+ 

The  following  were  the  results  at  40°  Reaumur,  or  1 22°  Fahrenheit : — 

The  expansion  of  Iron  being 196 

That  of  clear  white  Carrara  Marble,  second  quality .  136 

That  of  French  Marble  of  Sost 9 1  •  1 0 

That  of  Marble  of  St.  B^at 67 

That  of  St.  Leu  Stone        104 

That  of  Stone  of  Vemon-sur-Seine 68  *  95 

•  The  multiplier  -00000438  for  the  expansion  of  granite,  is  taken  from  the  experimenta  on  the 
expanaion  of  atone  by  Alexander  J.  Adie,  recorded  in  the  **  Transactiona  of  the  Royal  Society  of 
Edinburgh."  Vol.  XIII. 

+  See  "  Bulletin  de  la  Society  d'Encouragement;"  also,  see  Vol.  X.  of  "  Repertory  of  Arts/* 
page  376. 
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Tablb  of  the  absolute  Expansion  of  the  different  Stonet  Substances,  as  well  as  of  Brass 
and  Iron,  for  a  variation  of  Temperature  of  100°  Centigrade,  or  212°  Reaumur. 


Kipanrion  ft>c  Uw 

StTBSTANCBS. 

LMffth 
of  one  Hetn. 

Brass 

0-00187821 

1-8782 

Soft  Wrought  Iron       .      . 

0* 00122045 

1-2200 

Carrara  Marble 

0-00084867 

0-8487 

St.  B^t  Marble     .      .      . 

0-00041810 

0-4181 

Sost  Marble     .... 

0-00056849 

0-5685 

Vernon  Stone  .... 

0*00043027 

0'4303 

St.  Leu  Stone  .... 

0-00064890 

0-6490 

M.  Destigny  found  no  difference  in  the  expansion  of  the  stone,  whether 
dry  or  moist. 


U- — Description  of  the  State  of  the  Stispension  Bridge  at  Montrose^  after 
it  fiad  been  rendered  impaxsable  hy  the  Hurricane,  of  the  Wth  of  October^ 

1838 ;  with  Iteinarks  on  the  Construction  of  that  and  other  Suspension 
BridgeSf-in  reference  to  the  action  of  violent  Galea  of  Wind. 

By  C.  W.  PASLEY.  C.B.,  Colouel  Royal  Engineers,  F.R.S..  Hon.  M.  Inst.  C.  E.,  &c. 

In  the  afternoon  and  night  of  the  11th  of  October,  1838,  I  traA'elled  from 
Pertli  to  Inverness  by  the  mail,  in  extremely  boisterous  weather,  which  I 
afterwards  learned  had  nearly  ajiproached  to  a  hurricane,  having  torn  up  a 
great  number  of  trees,  swept  away  the  produce  of  whole  fields  of  com,  and 
otiierwise  caused  extensive  damage  to  property  over  the  whole  of  the  North  of 
Scotland.  From  Inverness  I  went  to  Aberdeen,  whence  it  was  my  original 
intention  to  proceed  direct  to  Dundee ;  but  having  heard  that  the  same  storm 
had  destroyed  part  of  the  suspension  bridge  of  Montrose,  I  was  induced  to  stoj) 
there,  that  I  might  have  an  opportunity  of  inspecting  the  constmction  of  that 
bridge,  and  of  ascertaining  from  what  cause,  or,  at  least,  in  what  part,  it  had 
given  way ;  having  always  been  of  opinion  that  from  the  example  of  failures  some 
of  the  most  instructive  lessons  in  practical  architecture  or  engineering  are  to  be 
derived.  I  found  on  inspection  that  about  one-third  part  of  the  roadway  of  the 
bridge  had  been  entirely  carried  away,  excepting  a  sort  of  external  skirting- 
board  or  ornamental  fascia,  which  remained  in  a  shattered  state  on  the  west  side 
of  the  bridge,  hanging  by  the  suspension  rods,  which  were  not  entirely  broken, 
but  only  injured  and  bent  on  that  side;  the  chains,  however,  four  in  number, 
which  extended  in  two  parallel  lines  of  two  tiers  each,  remained  apparently 
quite  perfect.  The  length  of  roadway  between  the  two  piers  of  masonry  whicli 
aup|x>rted  the  chains  appeared  to  be  about  410  feet,  and  over  this  space  the 
links  of  each  chain  consisted  of  six  iron  bars,  each  1  inch  thick  and  5  inches 
deep,  and  the  connecting  plates  of  seven  pieces  of  the  same  width  but  shorter 
and  deeper  in  the  usual  proportion. 

I  was  informed  at  Montrose  that  the  whole  of  the  chains  were  originally 
constructed  with  four  bars  only,  but  that  in  consequence  of  one  of  them  gi\'ing 
way  soon  after  the  bridge  was  finished,  two  more  bars  had  been  added  to  each* 
in  the  central  part  only.  The  cause  of  this  accident  was  said  to  have  been  a 
boat  race,  at  which  a  multitude  of  spectators  suddenly  rushing  from  one  side 
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of  the  bridge  to  the  other  broke  one  of  the  upper  chains,  and  thereby  caused  the 
loss  of  some  lives.  The  failure  having  proved  the  insufficiency  of  the  chains  in 
their  existing  state,  two  plans  were  proposed  for  increasing  tlieir  strength,  the 
one  by  adding  a  third  chain  similar  to  the  former  over  each  side  of  the  bridge 
so  38  to  make  six  chains  in  all,  in  two  tiers  of  three  each  ;  the  other  plan  was 
to  increase  the  strength  of  the  existing  chains  by  adding  two  more  iron  bars 
or  plates  to  all  the  jmrts  of  each,  and  connecting  them  by  new  bolts  longer  in 
proportion.  Tliis  j)lan  (suggested  by  Mr.  Rondel)  was  adopted  and  executed 
under  his  direction  in  tbc  central  part  of  the  bridge,  but  not  at  the  extreme  ends 
of  it,  where  it  was  unnecessary,  as  tlie  roadway  did  not  depend  upon  them,  being 
there  formed  of  solid  masonry.  The  efficiency  of  this  judicious  arrangement 
has  since  been  sufficiently  proved  by  the  circumstance  of  all  the  four  chains 
remaining  uninjured  during  the  partial  destruction  of  tlie  roadway. 

The  guard  of  the  mail  coach  and  other  persons  who  passed  over  the  bridge 
just  before  it  gave  way,  stated  that  they  felt  the  bridge  vibrate  in  the  most 
violent  manner,  and  tliat  they  had  always  experienced  the  same  sort  of  vibration 
in  a  greater  or  lesser  degree  during  every  strong  gale  of  wind.  In  Mr.  Pro\'i8's 
account  of  the  Menai  bridge,  he  states  that  no  transverse  vibration  of  the  roadway 
ever  took  place  during  the  most  violent  storms,  but  that  the  wliole  of  it  undu- 
lated longitudiually  like  the  waves  uf  the  sea,  which  is  corroborated  by  my  own 
observation  of  the  action  of  a  strong  gale  of  wind  upon  a  light  suspension  bridge 
for  foot  passengers  over  the  Tweed  at  Melrose ;  in  which,  though  about  300  feet 
long  and  only  six  feet  wide,  not  the  smallest  transverse  vibration  or  lateral 
movement  was  perceptible,  although  the  wind  blew  broadside  on,  but  a  consider- 
able undulation  was  going  on  continually  throughout  its  whole  length.  I 
therefore  consider,  that  the  persons  who  described  the  suspension  bridge  at 
Montrose  as  having  been  in  a  state  of  vibration,  must  either  have  confounded 
that  term  with  undulation,  which  is  sometimes  done,  or  erroneously  ascribed  its 
unsteadiness  when  they  passed  over  it,  to  a  motion  of  the  former  instead  of  the 
latter  sort. 

On  ray  return  to  Chatham  by  way  of  London,  1  inspected  the  suspension 
bridge  at  Hammersmith  on  the  30th  of  October,  two  days  after  a  very  violent 
fitonn  that  had  done  a  great  deal  of  injury  in  that  town  and  neighbourhood, 
and  blown  down  two  walls  and  part  of  the  roof  of  a  new  building  then  in  progress 
in  the  brewery  of  Sir  F.  Booth  at  Brentford.  About  a  month  afterwards,  on  a 
very  strong  gale  of  wind  setting  in,  I  went  to  inspect  the  same  bridge  a  second 
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time,  when  I  found  no  undulation  going  on ;  and  having  made  inquiry  of  persons 
who  were  in  the  habit  of  passing  over  it  in  all  weathers,  I  ascertained  that  this 
bridge  has  never  been  affected  in  that  alarming  manner. 

When  I  compared  the  construction  of  the  roadway  of  this  bridge  with  that 
of  Montrose,  I  became  convinced  of  the  correctness  of  an  opinion  I  had  pre- 
viously formed,  that  all  injuries  that  have  ever  occurred  to  the  roadways  of 
suspension  bridges  must  have  been  caused  by  the  violent  action  of  the  wind 
from  below,  such  as  I  had  an  opportunity  of  observing  at  Chatham,  when 
looking  down  upon  the  Royal  Dock  Yard  at  that  place  in  a  tremendous  hurri- 
cane, on  the  29th  of  November,  1836,  when  the  wind  acting  from  below  on  the 
far  side  of  one  of  the  roofs  of  a  large  ship-building  shed,  caused  it  to  rise  into 
view  from  time  to  time,  for  when  it  was  in  its  proper  position,  I  could  not  see 
it  at  all.  Thus  it  continued  for  more  than  an  hour  flapping  up  and  down,  and 
adhering  to  the  other  side  of  the  same  roof  by  the  ridge  only,  in  the  same 
manner  that  a  person  may  move  the  cover  of  a  book  with  his  hand ;  until  at 
last  I  saw  a  large  fragment  of  it  carried  away,  which,  as  I  afterwards  ascer- 
tained, measured  about  40  feet  by  50,  and  which,  after  floating  a  little  while  in 
the  air,  as  a  sheet  of  paper  would  in  a  light  wind,  fell  to  the  ground  at  the 
distance  of  50  yards,  breaking  through  part  of  the  roof  of  a  storehouse.  If  the 
planking  and  purlins  of  this  roof  had  been  bolted  down  to  the  principal  rafters, 
and  secured  from  below,  this  accident  would  not  have  happened.  On  that 
same  day,  the  hurricane  overset  a  stage  coach  on  Rochester  bridge,  and  blew 
away  part  of  the  stone  balustrade  of  that  bridge ;  and  also  destroyed  part  of 
the  roadway  of  the  suspension  chain  pier  at  Brighton,  and  I  have  no  doubt  of 
its  having  done  so  by  acting  upon  it  from  below.  That  this  is  the  usual  action 
of  the  wind  in  hurricanes  was  sufficiently  proved  by  the  fate  of  the  roof  in 
Chatham  Dock  Yard ;  and  supposing  it  to  act  thus  on  a  suspension  bridge,  it 
must  first  force  the  roadway  of  the  bridge  upwards,  until  its  own  weight,  or  a 
temporary  lull  of  the  violence  of  the  wind,  may  cause  it  to  fall  down  again  to 
the  full  length  of  the  suspension  rods,  in  continual  undulations,  the  rods 
being  thereby  alternately  subject  to  compression  and  extension  must  give  way 
at  last,  under  the  same  process  which  a  person  naturally  adopts  when  he  wishes 
to  break  a  piece  of  wire  or  light  iron ;  and  in  the  course  of  this  process,  the 
chains  also  being  at  one  time  relieved  from  part  of  the  weight  of  the  roadway, 
and  afterwards  having  it  thrown  upon  them  by  sudden  jerks,  must  be  put  iu 
motion.    Such,  I  repeat,  must  have  been  the  sort  of  action,  by  which  a  consider- 
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able  portion  of  the  roadwa)'  of  the  chain  pier  at  Brigliton,  and  also  of  tlie  sus- 
|)ension  bridge  at  Montrose,  were  destroyed  at  the  periods  above  mentioned. 

The  reason  of  the  superior  safety  of  the  suspension  bridge  at  Hammersmith 
became  evident  to  me,  on  comparing  the  construction  of  the  roadway  of  that 
fjridge  with  those  of  Brighton  and  Montrose.  In  the  latter  there  were  only 
light  railings  on  each  side  of  the  bridge,  composed  cliiefly  of  slight  iron  bars, 
which,  in  the  chain  pier  at  Brighton,  were  all  vertical ;  but  in  that  of  Montrose 
they  intersected  each  other  diagonally ;  but  in  neither  of  those  sort  of  parapets 
was  there  such  stiffness  in  a  vertical  direction,  as  to  prevent  the  undulation  of 
the  roadway  in  a  violent  gale  of  wind  or  hurricane,  although  they  might  check 
it  in  a  slight  degree  during  a  moderate  breeze.  It  was,  however,  observed  in  the 
case  of  the  chain  pier  at  Brighton,  the  partial  destruction  of  which  was  witnessed 
by  numerous  spectators,  tliat  no  part  of  tlie  roadway  gave  way  in  the  hurricane 
of  November,  1836,  until  tlie  side  railings  were  previously  shattered  to  pieces 
and  blown  away,  after  which  the  undulations  became  perceptibly  more  violent, 
and  ended  in  carrying  away  the  roadway  also.  In  the  suspension  bridge  at 
Hammersmith,  on  the  contrary,  there  are  four  lines  of  strong  trussing  along  the 
wliole  length  of  the  roadway  from  one  end  of  it  to  tlxe  other,  so  firmly  connected 
by  iron  bolts  and  plates  to  tlie  roadway  bearers  below,  which  consist  of  double 
joists  of  wood,  that  it  is  quite  impossible  for  the  strongest  gale  of  wind  to  pro- 
duceanyundulations  in  the  roadway,  without  breaking  all  theparts  of  thesetrusses 
to  pieces,  which  are  far  too  strong  to  be  thus  acted  upon,  being  composed  partly 
of  cast-iron,  and  partly  of  substantial  wood-work.  The  side  railing  of  the 
puto.  pi«. ».  Hammersmith  bridge  is  formed  by  hollow  cast-iron  pillars  about  4^ 
feet  high,  at  intei'vals  of  about  15  feet  apart,  having  a  longitudinal  sill  below  and 
a  cap  or  top  rail  above,  with  two  braces  intersecting  each  other  diagonally  in  the 
form  of  the  letter  X,all  ofthese  last-mentioned  parts  being  of  wood-work,  and  of 
considerable  scantling.  In  addition  to  these  there  are  two  other  lines  of  trussing, 
consisting  of  a  series  of  king-posts,  each  formed  by  a  hollow  cast-iron  pillar, 
similar  to  those  before  described,  and  a  couple  of  wooden  braces  in  the  form  of 
rafters,  these  pillars  being  at  intei'vals  of  about  25  feet  apart,  the  whole  resting 
on  a  strong  longitudinal  sill,  and  each  pair  of  small  rafters  abutting  at  top 
against  the  heads  of  those  cast-iron  pillars,  and  at  bottom  against  cast-iron 
blocks.  These  lines  of  king-post  trussing  l)cing  immediately  under  two  of  the 
ft>ur  lines  of  chains,  by  which  the  roadway  is  support^^d,  so  as  to  divide  the 
carriuge-way,  which  is  in  tlie  centre  of  the  bridge,  from  the  footpaths  on  each 
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side  of  it,  are  reduced  in  Leiglit  in  the  middle  Icn^h  of  the  bridge,  where  those 
two  lines  of  chains  come  down  close  to  the  roadway.  The  two  other  Hues  of 
chains  are  over  the  side-s  of  the  bridge,  and  the  vortical  rods  suspended  from 
them  pass  close  to  the  trussed  side  railings  before  described ;  and  thus,  as  there 
are  two  tiers  of  chains  in  eacli  line,  there  arc  eight  chains  in  all,  the  bars  of 
which  are  all  1  inch  in  width  by  6  inches  in  depth ;  but  while  there  are 
six  bars  in  each  link  of  the  two  centre  lines  of  chains,  there  are  only  four  bars 
in  tlie  others,  which  support  the  outer  sides  of  the  foot  paths. 

To  illustrate  these  particuhirs,  I  have  annexed  a  sketch  of  tlie  suspension 
bridge  of  Montrose  in  elevation,  as  it  appeared  when  1  inspected  it  five  days 
after  it  had  been  rendered  impassable  (see  Fig.  1).  In  tliis  sketch  1  have  omitted 
the  useless  fragment  of  skirting-board  or  fascia  before  mentioned,  on  one  side 
of  the  bridge,  which  would  have  rendered  the  figure  confnsed.  I  did  not  pay 
much  attention  to  the  precise  construction  of  the  side  railing  at  that  time,  and 
therefore  the  sketch  of  it  given  in  Fig.  2  is  from  memory ;  but  it  was  certainly 
in  no  rcs])ect  stronger  tluin  that  shown  in  the  sketch.  1  have  also  annexed 
sketches  in  elevation  of  the  side  railing  and  king-post  trusses  of  the  suspension 
bridge  of  Hammersmith  (see  Figs.  3  and  4). 

On  an  attentive  perusal  of  Mr.  Provisos  account  of  the  Menai  bridge,  I 
am  sorry  to  say  that  it  does  not  appear  to  me  to  lie  so  secure,  against  the 
effects  which  may  be  apprehended,  from  the  violent  undulations  to  which  it  has 
always  l>een  subject,  as  could  be  desired.  By  this  observation  I  mean  no 
disparagement  to  my  honoured  friend,  that  most  excellent  man  and  distin- 
guished engineer,  the  late  President  of  this  Institution,  by  whom  the  Menai 
bridge  was  designed,  and  under  whose  directions  it  was  executed,  because 
engineers  liad  then  no  experience  of  a  suspension  bridge  of  so  very  large  a  span ; 
and  in  constructions  entirely  and  absolutely  new,  no  man,  however  great  his 
talents  may  be,  can  be  expected  to  foresee  every  contingency  that  ought  to  be 
provided  for.  1  believe  that  Captain  Brown's  suspension  bridge  over  the 
Tweed,  at  Norham,  near  Berwick,  said  to  be  about  360  feet  in  length  between 
tlie  [K»infs  of  support,  was  not  only  the  largest,  but  the  most  ingenious  and 
judicious  bridge  of  this  sort  that  had  ever  been  constructed,  until  Mr,  Telford, 
by  authority  of  the  Government,  undertook  the  gigantic  task  of  constructing  a 
bridge  over  the  Menai  Strait,  at  such  a  height  as  to  admit  the  largest  sailing 
vessels  to  pass  without  striking  their  top-masts,  by  the  successful  execution  of 
which,  he  not  only  exceeded  all  former  susj>ension  bridges  in  magnitude,  but 
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made,  as  I  conceive,  a  great  improvement,  by  adopting  rectangular  iron  bars 
1  inch  wide,  and  more  than  3  inches  deep,  for  the  links  of  his  chains,  and 
giving  them  altogether  a  much  more  perfect  form  than  those  of  Captain 
Brown,  who  used  round  iron,  both  for  the  parts  of  his  chains  and  for  his 
suspension  rods,  not  only  in  his  bridge  over  the  Tweed,  but  also  in  his  chain 
pier  at  Brighton.  Before  the  Menai  bridge  was  quite  finished,  a  very  violent 
gale  of  wind  broke  some  of  the  suspension  rods,  and  also  a  few  of  the  roadway 
bearers  whicli  were  of  wrought  iron  ;  and  as  the  resident  engineers  reported  to 
Mr.  Telford,  it  caused  not  only  a  very  great  and  continual  undulation  of  the 
roadway,  but  made  the  chains,  16  in  number,  which  were  arranged  in  four 
lines  of  four  tiers  of  chains  each,  to  vibrate,  and  even  slightly  altered  the 
position  of  one  of  them.  It  appears,  however,  that  the  persons  who  witnessed 
these  movements,  must  have  considered  the  lateral  motion  of  the  chains  as  the 
most  important,  and  as  being  the  cause  of  the  undulations  in  the  roadway,  for 
immediate  precautions  were  taken  to  counteract  tlie  former,  by  introducing 
two  parallel  rows  of  cast-iron  tubes  about  four  inches  in  diameter,  transversely, 
which  connected  and  stiffened  all  the  chains  of  the  upper  tier,  and  all  those  of 
the  lower  tier  but  one,  and  were  themselves  connected  vertically  by  a  sort  of 
net-work,  of  light  wrought-iron  rods,  intersecting  each  other  diagonally,  as 
represented  in  Fig.  C.  Mr.  Provis  states  that  after  this  addition,  the 
undulations  of  the  roadway  in  violent  storms  of  wind  were  reduced  to  about 
one-half  of  their  former  height.  But  we  know  that  they  have  not  been  entirely 
prevented,  for  I  have  been  informed  by  several  gentlemen,  who  have  inquired 
minutely  into  the  state  of , the  Menai  bridge  during  strong  gales  of  wind,  that 
the  undulations  are  then  always  very  violent.  Mr.  Rickman,  junior,  has 
stated  that  he  was  informed  by  the  toll-keeper,  that  the  difference  of  level  in 
very  violent  gales  was  not  less  than  6  feet,  from  the  roadway  rising  and  falling 
3  feet  above,  and  as  much  below,  its  proper  and  usual  level.  From  this 
circumstance,  contrasted  with  the  stability  of  the  Hammersmitli  bridge,  in  all 
weathers*  we  may  now  infer,  altliough  it  was  not  foreseen  at  the  time,  that  it 
would  have  Ijccu  better  to  truss  the  roadway  of  the  Menai  bridge,  on  the 
principle  afterwards  adopted  by  Mr.  W.  Ticrney  Clark,  tlie  engineer  of  the 
Hammersmith  bridge,  than  to  stiffen  the  chains  by  the  iron  tul>es  and  diagonal 
lacing  before  described.  In  fact,  the  roadway,  from  its  very  great  surfece, 
presents  such  an  immense  obstniction  to  the  iury  of  a  hurricane  acting  upon  it 
from  below,  that  if  it  l)e  prevented  from  undulating,  it  can  scarcely  be  supposed 
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that  the  utmost  force  of  the  wind  could  move  the  chains  at  all,  having 
comparatively  so  very  little  surface  to  oppose  to  it,  and  which  must  be  held 
down  hy  the  great  weight  of  the  roadway,  so  long  as  that  remains  at  rest. 
Let  it  be  understood,  tliat  I  do  not  consider  it  any  discredit  to  the  very  able 
resident  engineers  and  skilful  workmen  employed  at  tlie  Menai  bridge,  when 
the  first  Btorm  occurred,  in  stating  my  opinion,  that  they  made  a  mistake  in 
recommending  Mr.  Telford  to  stiffen  the  chains,  instead  of  the  roadway, 
because  they  had  not  the  experience  which  we  possess  in  the  present  day. 

After  I  had  inspected  tJie  suspension  bridge  at  Hammersmith,  1  called  upon 
Mr.  Clark,  who  informed  me  that  before  he  decided  definitively  upon  all  the 
details  of  the  construction  of  that  bridge,  he  made  a  model  of  it  on  a  very 
large  scale,  wliich  he  exposed  to  all  weathers,  and  which  must  have  given  him 
more  insight  into  the  action  of  the  wind  on  a  suspension  bridge,  than  theory  or 
reflection  alone  could  have  done ;  besides  which,  he  had  the  experience  of  tlie 
undulations  of  the  Menai  bridge,  as  a  result  to  be  guarded  against.  Mr.  Clark 
showed  nic  his  designs  for  several  new  suspension  bridges,  one  of  which  is  to 
be  thrown  over  the  River  St.  John's  in  New  Brunswick,  in  which  he  proposes 
to  use  a  simpler  mode  of  trussing  than  that  adopted  by  him  for  the  bridge  at 
Hammersmith,  which  I  consider  an  improvement.  I  also  called  upon  Mr. 
Rendel,  on  learning  that  he  was  again  employed  to  direct  the  repairs  of  the 
bridge  of  Montrose,  in  consequence  of  the  late  hurricane,  aud  was  pleased  to 
find  tliat  his  opinion,  as  to  the  destructive  action  of  the  wind  on  the  roadway 
from  below,  agreed  with  mine ;  and  indeed  he  assured  me  that,  in  an  official 
letter  written  previously  to  this  event,  he  had  recorded  his  opinion,  that  he 
considered  tlie  roadway  to  be  the  weakest  part  of  that  structure.  Mr.  Rendel 
was  also  good  enough  to  show  me  a  design  for  trussing  the  roadway  of  a  new 
suspension  bridge,  different  from  Mr,  Clark's,  but  which  could  not  fail  to  be 
extremely  efficient.  As  both  these  gentlemen  are  members  of  this  Institution, 
I  shall  not  presume  to  anticipate  any  thing  fiirther  that  they  may  be  pleased 
to  communicate;  but  as  my  ideas  on  the  peculiar  action  of  violent  gales  of 
wind  upon  suspension  bridges  were  derived  from  my  own  observation,  before  I 
communicated  ^vith  either  of  them,  and  as  the  mode  of  preventing  it  adopted 
by  Mr,  Clark  in  the  suspension  bridge  at  Hammersmith,  has  been  proved  to 
be  effectual,  it  gives  me  pleasure  in  having  an  opportunity  of  ascribing  to  that 
engineer,  the  merit  which  he  deserves,  of  having  been  the  first  to  make  this 
important  improvement  in  the  construction  of  suspension  bridges. 

U   H   2 


226 


COLONEL  PABLEY  ON  THE 


The  only  printed  paper  in  which  I  have  seen  the  necessity  of  a  stiff  trussed 
railing  for  the  sides  of  a  suspension  bridge  alluded  to,  is  one  by  my  brother 
officer,  Lieut.-Colonel  Rcid  of  the  Royal  Engineers,  recently  appointed 
Governor  of  the  Bermudas,  and  the  author  of  a  very  important  Essay  on  the 
Law  of  Storms,  who  after  having  observed  the  destructive  effects  of  a  tremendous 
hurricane  that  took  place  at  Barbadoes,  immediately  before  his  arrival  there, 
which  naturally  drew  his  attention  to  this  subject,  was  afterwards  an  eye- 
witness of  the  destruction  of  part  of  the  roadway  of  the  chain  pier  at  Briprhton, 
in  November  1836 ;  and  as  the  very  same  part  of  that  pier  had  been  destroyed 
on  a  former  occasion  at  night,  by  a  violent  storm  of  wind,  accompanied  by 
thunder  and  lightning,  he  states  his  opinion,  that  the  wind  also  had  been  the 
cause  of  tins  previous  failure,  and  not  the  lightning,  as  had  generally  been 
supposed,  and  he  remarks  on  tlie  iron  rods  of  the  side  railing  of  the  chain 
pier  l>eing  all  arranged  vertically  without  any  diagonal  bracing,  which  he 
considers  a  defect ;  but  the  experience  of  the  Menai  bridge,  in  whicli  the  side 
railing  is  composed  of  a  complete  net-work  of  light  iron,  not  less  than  7  feet 
high,  as  represented  in  Fig.  6,  sufficiently  proves  that  no  diagonal  bracing  of 
this  sort  can  prevent  those  violent  undulations,  to  which  bridges  not  trussed  on 
Mr.  Clark's  principle  must  always  be  liable. 

That  the  Menai  bridge,  not\rithstanding  its  great  length  between  the 
points  of  support,  has  not  yet  been  seriously  injured,  I  ascribe  to  the  peculiar 
system  adopted  by  Mr.  Telford,  of  making  his  suspension  rods  in  several  pieces 
with  joints,  which  converts  each  of  them,  or  at  least  all  those  composed  of  three 
or  more  pieces,  into  a  sort  of  chains,  thus  giving  them  that  sort  of  flexibility, 
which  prevents  their  being  alternately  subject  to  such  ver)'  violent  compression 
and  tension,  as  those  of  the  bridge  of  Montrose,  of  which  all  the  rods  in  the 
centre  part,  where  the  roadway  was  carried  away  by  the  fury  of  tlie  hurricane, 
were  entirely  broken  on  one  side,  and  those  on  tlie  other  side  opposite  to  the 
fracture,  generally  bent,  and  probably  idso  partially  broken.  The  light  wrought 
iron  roadway  bearers  of  the  Menai  bridge  were  also  evidently  less  liable  to  be 
injured  by  those  undulations,  than  inflexible  bearers  of  cast-iron,  such  as  those 
of  the  Montrose  bridge  would  have  been.  But  though  the  Menai  bridge  has 
hitherto  escaped  with  no  material  injury,  until  the  late  tremendous  hurricane 
of  the  6th  and  7th  of  this  month,  which  was  so  destructive  at  Liverpool,  and 
which  has  injured  it,  as  I  am  told,  very  slightly,  still  it  apfiears  desirable  that 
this  magnificent  national  work  should  be  secured  for  the  future,  by  at  least  two 
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if  not  four  lines  of  inflexible  trussing,  in  aU  the  central  part  of  the  roadway, 
between  the  two  great  towers  of  masonry  which  support  the  chains,  and  which 
for  symmetry,  though  not  from  necessity,  might  be  continued  along  the 
remaining  parts  of  the  roadway  also. 

I  am  informed  that  the  particular  portion  of  the  roadway  of  the  chain  pier 
at  Brighton,  which  has  twice  given  way,  has  subsequently  to  its  second  failure 
been  trussed  by  a  vertical  segment  of  wood  over  the  central  part  of  it,  with 
chains  led  down  from  each  end  of  this  segment,  and  fixed  to  the  two  adjacent 
clumps  of  piles  by  which  tlie  towers  that  carry  the  chains  are  supported.  But 
there  being  four  inverted  arches  formed  by  tlie  chains  of  the  suspension  pier  at 
Brighton,  unless  the  other  three  portions  of  the  roadway  be  trussed  also,  I  have 
no  doubt  but  that  some  future  hurricane  will  produce  the  same  injurious  effect 
upon  one  of  these,  though  they  have  hitherto  escaped. 

As  the  injurious  action  of  violent  winds  upon  suspension  bridges,  if  I  am 
right  in  ray  views  concerning  it,  must  depend  on  tlie  length  and  width  of  the 
bridge ;  and  as  hurricanes,  though  much  less  frecjuent,  and  generally  less  violent 
than  in  tropical  climates,  have  occurred,  and  must  again  be  expected  in  this 
country  from  time  to  time,  I  am  of  opinion  that  the  roadway  of  every  suspension 
bridge  having  only  light  side  railings,  such  as  those  at  Montrose,  Aberdeen,  &c., 
and  indeed  of  all  that  I  have  seen,  excepting  that  of  Hammersmith,  will  sooner 
or  later  be  carried  away  by  some  future  hurricane,  provided  that  it  shall  ap- 
proach to,  or  exceed  400  feet  in  length  between  the  points  of  support.  The 
necessity  of  at  least  two  inflexible  lines  of  trussing  for  the  roadway  of  such 
bridges  has  hitherto  been  so  little  attended  to,  that  I  thought  it  might  be  useful, 
at  least  to  the  junior  members  of  this  Institution,  to  bring  it  pointedly  under 
their  coasideration. 

Chatbain,  Jan.  29.  1839.  C.  W.  PASLEY,  Colonel  R.  Engineers. 


NoTB. — Since  the  preceding  paper  was  read  I  have  been  informed  by  Mr.  H.  R.  Palmer,  one  of 
the  Vice-PresideniB  of  the  Institution,  who  assisted  Mr.  Telford  vrhen  the  original  plans  for  the 
Menai  Bridge  were  under  discussiou,  and  went  through  the  whulc  of  the  details  with  him,  that  the 
necessity  of  IrusKing  the  roadway  was  the  subject  of  much  anxious  considerstiou  ;  that  Mr.  Telford 
foresaw  the  probability  of  trussing  being  required,  but  finally  decided  upon  omitting  it  in  the  first 
iuttance*  and  aduptiiig  it  subsequently  should  experience  prove  it  to  be  necessary. 

*  C.  W.  P. 


VIII. — On  the  Supply  of  Water  from  Artesian  Wells  in  the  London  Basing 
with  an  Account  of  the  Sinking  of  the  Well  at  the  Reservoir  of  the  New 
River  Company,  in  the  Hampstead  Road. 

By  ROBERT  W.  MYLNK. 

The  sinking  of  Artesian  Wells  is  a  subject  in  which  the  inhabitants  of 
London  have  taken  considerable  interest  during  the  last  few  years,  and 
public  Companies  have  been  projected  for  the  purpose  of  supplying  a  portion 
of  the  Metropolis  with  pure  and  soft  water  by  that  means. 

The  construction  of  Artesian  Wells  is  now  generally  understood,  many 
having  been  sunk  in  England,  as  well  as  on  the  Continent,  where  they 
obtained  their  name,  from  having  been  originally  adopted  in  the  French 
province  of  Artois,  called  by  the  Romans  Artesium.  These  wells  are  made 
by  boring  vertically  through  a  deep  stratum  of  clay  into  one  of  sand,  where 
water  is  generally  found,  and  from  whence  it  will  rise  to  a  considerable  height, 
in  many  instances  to  the  ground  surface,  and  sometimes  higher.  This  greatly 
depends  upon  the  elevation  from  whence  the  sand  stratum  is  supplied  at  the 
verge  of  the  basin,  within  which  the  stratum  of  clay  is  situated. 

The  strata  under,  and  around  this  Metropolis  (designated  as  the  London 
Basin)  are  peculiarly  adapted  for  these  wells,  the  whole  being  comprised  in 
an  immense  bowl  of  chalk,  many  miles  in  extent,  on  the  interior  surface  of 
which  there  is  a  thick  lining  of  sand  supporting  a  deep  bed  of  clay,  commonly 
known  as  the  London  Blue  Clay ;  and  upon  this  the  Metropolis,  and  adjacent 
country,  stands. 

The  sand  which  lies  below  this  clay  has  alwa3rs  been  found  considerably 
charged  with  water,  derived,  no  doubt,  from  the  surface  of  the  more  distant 
country,  and  entering  where  the  sand  makes  its  appearance  on  the  surface, 
which  may  be  termed  entering  at  the  verge  of  the  basin.  This  outcrop,  or 
margin  of  sand,  in  some  instances,  is  at  a  great  height  above  the  level  of  the 
Metropolis.  It  therefore  necessarily  follows,  that,  on  boring  into  the  basin, 
the  water  will  rise  in  the  bore-holes  to  various  distances  from  the  surface, 
according  to  the  elevation  of  their  respective  situations. 
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Under  these  circumstances,  most  of  the  wells  already  sunk  in  and  about 
London  obtain  their  supply  of  water ;  and  from  tliis  source  it  has  been  asserted 
that  a  vcf}'  large  quantity  of  water  might  be  procured  for  the  various  uses  of 
the  inhabitants,  while  others  consider  it  so  very  precarious,  and  the  water  so 
difficult  to  obtain,  that  they  prefer  boring  down  into  the  chalk,  where  they 
suppose  an  inexhaustihlc  supply  can  be  found. 

With  a  view  to  obtain  as  much  information  as  possible  on  this  point,  a 
well  has  been  sunk  by  the  New  River  Company :  a  brief  account  of  which 
will  be  found  in  this  paper,  setting  fortli  all  the  material  circumstances 
which  occurred  during  the  execution  of  the  work.  But  before  entering  on 
the  detailed  account  of  this  particular  well,  it  seems  desirable  to  mention 
a  few  circumstances  connected  with  other  wells,  which  have  come  under  the 
knowledge  of  the  writer,  and  which,  perhaps,  may  be  considered  to  throw 
some  light  on  the  subject. 

First,  as  regiirds  those  wells  wliich  are  supplied  from  the  deep  sand  springs 
below  the  bed  of  clay.  There  is  one  at  St.  Alban's  House,  Piccadilly,  where  the 
water  rises  to  within  about  50  feet  from  the  surface  of  the  ground ;  also  another 
at  the  banking-house  of  Messrs.  Coutts  and  Co.,  in  the  Strand,  which  formerly 
rose  above  the  surface  of  the  ground,  and  discharged  itst^lf  into  the  Thames ; 
but,  from  other  wells  having  since  been  sunk  in  the  neigh!>ourhood,  the  water 
surface  has  lowered  several  feet,  and  at  present  is  below  the  low-water 
level  of  the  river.  At  Norland  House,  Kensington,  there  was  one  which  ran 
over  for  many  years ;  and  when  the  spring  was  first  struck,  it  was  so  strong 
that  it  washed  the  well-sinkers  out  at  its  mouth  ;  this  great  overflow  coutinued 
some  time,  but  has  now  ceased  from  the  effect  of  other  wells  sunk  in  the 
vicinity. 

Instances  have  occurred  around  London  of  the  water  rising  to  great 
heights :  at  Tottenham  there  were  several  wells  that  ran  over ;  and  also  at 
Tooting,  Mitcham,  and  Hanwell;  but  all  of  these  have  more  or  less  diminished 
in  tiieir  discharge,  and  but  few  rise  to  within  many  feet  of  the  surface  of  the 
ground  which  they  formerly  overflowed. 

In  the  town  of  Cambridge,  which  stands  upon  clay,  a  considerable  number 
of  wells  have  been  sunk,  most  of  whicli  rose  above  the  surface ;  but  they  are 
now  much  reduced,  both  in  height  and  quantity. 

At  Gloucester  the  depth  of  the  wells  vary  more  than  in  other  places, 
although  the  town  is  situated  on  ground  gently  falling  towards  the  river; 


FROM  THE  STRATA  OF  THE  LONDON  BASIN. 


231 


in^anoes  exist  here  where  persons  have  obtained  a  good  supply  of  water  at 
a  reasoualile  depth,  while  att^^mpts  to  obtiiin  a  supply  at  a  considerable  depth,  by 
their  immediate  neighbours,  have  utterly  failed,  after  incurring  great  expenses. 

Of  those  sunk,  or  bored  into  the  chalk,  in  the  vicinity  of  London,  the 
most  remarkable  as  ivgartis  Hie  strength  of  tlie  springs,  and  the  quality  of 
the  water,  are  those  around  Wandsworth.  One  in  particular,  at  some  Copper 
Works :  where,  from  a  largo  bore-hole,  the  water  is  forced  out  to  the  height  of 
about  20  feet  above  the  ground.  For  convenience  it  has  been  confined  by  a  bent 
tube,  so  as  to  deliver  the  water  horizontally  into  tlie  mill-head.  Several  others 
occur  along  the  banks  of  the  River  Wandle,  all  delivering  above  the  ground 
surface,  and  so  plentifully  that  they  give  considerable  power  to  the  mills  on 
that  river. 

The  proprietors  of  the  larger  wells,  have  generally  found  that  thei'e  is  an 
intimate  connection  l>etween  all  that  derive  their  supply  of  water  from  the 
sand  stratum. 

A  striking  instance  of  this  is  afforded  by  the  well  in  Messrs.  Culverts' 
brewery,  in  Thames  Street,  which  is  materiallv  affected  when  Messrs.  Barclay 
and  Perkins  work  tlieirs  in  Soutiiwark,  although  situated  on  the  opposite  side 
of  the  River  Tliames.  Also  the  supply  at  Messrs.  Wlutbread*s  brewery,  in 
Chiswell  Street,  which  is  one  of  the  earliest  wells  of  any  magnitude,  was 
80  much  incoi»venienced  from  this  cause,  that  they  were  com]>elled  to  bore 
to  a  very  great  depth,  and  thus  obtain  a  more  permanent  supply  through 
vertical  pipes. 

Messrs.  Combe  and  Delafield's  supply,  in  Castle  Street,  Long  Acre,  was 
also  affected  in  this  manner,  ami  on  deepening  the  well  it  completely  destroyed 
another  that  had  been  sunk  for  the  establishment  of  a  saw-mill  in  St.  Martin's 
Lane. 

At  one  period,  in  sinking  the  well  at  the  Hampstead  Rond  reservoir  (before 
alluded  to),  the  water  was  likewise  found  to  be  sensibly  afliected  to  the  extent 
of  from  10  to  14  feet  in  height,  by  the  working  of  an  engine  at  the  well  at  the 
Zoological  Gardens,  in  the  Regent's  Park,  which  terminates  in  the  sand. 

It  is  needless  to  enumerate  the  many  further  instances  that  might  be 
adduced  to  establish  this  fact ;  I  shall,  therefore,  now  advert  to  the  difficulties 
that  present  themselves  in  obtaining  water  from  the  sand  springs,  when 
subjected  to  a  considerable  ilraught. 

The  sand  is  of  so  fine  a  nature  that  it  will  pass  through  the  smallest  apertures, 
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and  is  easily  put  in  motion,  from  its  specific  gravity  being  little  more  than 
that  of  water,  and,  irom  its  extreme  sharpness,  it  is  found  to  cut  the  pump 
barrels  exceedingly ;  large  quantities  of  sand  will  in  this  way  be  drawn  up 
with  the  water  from  hencath  the  clay,  thus  forming  large  cavities  below,  and 
causing  the  clay  to  sink,  by  which  the  foundations  of  all  buildings  situateti 
near  the  well  are  endangered. 

A  very  remarkable  instance  of  the  subsidence  of  the  ground  occurred  at 
the  Hampstead  Road  well,  where  the  quantity  of  sand  raised  by  the  engine 
through  the  8-inch  pump  was  such  as  to  cause  a  very  serious  settlement  in 
the  large  raised  reservoir  adjoining,  by  separating  the  high  banks  into  two 
distinct  portions;  damaging  a  culvert,  and  snapping  a  line  of  iron  pipes 
asunder.  This  no  doubt  would  have  affected  the  adjoining  houses,  had  not 
the  pumping  been  discontinued.  A  similar  case  happened  at  Messrs.  Reid 
and  Co/s  brewery,  in  Liquorpond  Street,  where  the  well,  after  the  engine  was 
set  to  work,  during  the  time  of  sinking  it,  was  found  to  have  created  such  a 
cavitv  below,  that  the  proprietors  were  obliged  to  close  it  almost  entirely,  to 
save  their  buildings  from  ruin.  At  the  Vinegar  works  in  the  City  Road,  tlie 
well,  from  the  same  cause,  was  altogether  abandoned  for  manufactunng 
purposes ;  as  also  a  large  well  at  the  brewery  of  Messrs.  Ramsbottom  aad  Co., 
in  Broad  Street.  At  Whitechapel  there  was  another  well,  belonging  to  Major 
Rhode,  where  it  was  found,  on  inspection,  that  the  withdrawal  of  the 
by  pumping,  had  formed  an  immense  cavity  underneath  the  plastic  clay ;  th1 
caused  a  material  subsidence  of  the  ground,  and  20  feet  of  the  lower  part  of^ 
the  brick  shaft  disengaged  itself,  and  falling  to  the  bottom,  the  fi'agments 
were  completely  buried  in  the  quicksand. 

Many  other  instances  might  be  mentioned  of  wells  having  been  abandoned, 
from  the  quantity  of  sand  niised,  and  occasioning  great  loss  of  property,  through 
tlie  sinking  of  the  surface-ground ;  but  it  will  be  needless  to  pursue  the  subject 
any  further. 

It  therefore  appears,  that  little  dependence  can  be  placed  upon  the  quantity 
to  be  derived  from  the  sand  spring,  and  also  that  a  great  risk  attends  the 
obtaining  it  iu  large  quantities.  To  obviate  these  difficulties,  it  has  lately 
been  considered  advisable  to  sink  through  the  sand  into  the  chalky  which  has 
l>een  done  generally  by  the  means  of  boring,  and  the  introduction  of  a  small 
pipe;  but  as  yet  there  Is  little  experimental  knowledge  on  the  subject;  and, 
from  the  few  instances  tliat  have  occurred  in  the  Metropolis,  a  sufficient  number 
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of  facts  have  not  Iwen  collected  to  enable  a  correct  opinion  to  be  formed,  as  to 
tlie  quantity  of  water  that  can  J>e  obtained  from  such  a  source. 

Among  the  larger  wells  that  have  been  sunk  into  the  chalk,  there  has  been 
one  lately  executed  at  Brighton,  for  the  supply  of  that  town  with  water,  which 
produces  an  abundance  of  fresh  water  from  below  the  level  of  the  sea.  The 
water  here  issues  from  the  fissures  in  the  chalk,  which  are  intersected  by  hori- 
zontal headings  driven  from  tlie  bottom  of  the  well,  from  whence  the  water  is 
pumped  up  for  the  supply  of  tlie  to>*ii. 

A  singular  circumstance  happened  in  cutting  through  the  chalk  hills,  tor 
the  fonnation  of  a  tunnel  for  tlie  Thames  and  Medway  canal :  that  operation 
had  the  effect  of  draining  the  whole  of  tlie  fresh  water  from  the  wells  within 
the  range  of  a  mile,  and  substituting  salt  water  in  those  wells. 

A  large  bore  was  also  made  in  the  chalk  valley  through  which  the  River 
Lea  passes  in  Hertfordshire,  where  the  layers  of  flints  in  the  upper  part  of 
the  chalk  >*ielded  a  small  quantity  of  water;  but  no  increase  took  place  beyond 
tlie  depth  of  100  feet,  although  the  well  was  continued  to  the  depth  of  300 
feet,  at  which  point  tlie  chalk  marl  began  to  make  its  appearance ;  but  the 
tool  having  broken  in  the  bore,  the  work  was  abandoned. 

In  Paris,  where  a  basin  of  clay  exists  similar  to  that  of  London,  a  bore-hole 
has  been  in  operation  for  a  long  period,  and  is  at  present  being  carried  on 
at  the  depth  of  13fj0  feet  in  the  chalk,  and  1490  feet  below  the  surface  of  the 
ground ;  as  yet  no  quantity  of  water  has  been  obtained. 

It  will  therefore  appear,  from  the  few  instances  which  have  been  mentioned, 
that  different  situations  will  be  affect^^d  by  varying  causes ;  and  from  the  little 
iformation  that  can  be  collected,  with  regard  to  sinking  wells  in  the  chalk, 
no  rule  can  at  present  be  laid  down  upon  which  an  opinion  can  be  formed  as 
to  the  possible  results  of  an  experiment  at  any  particular  place. 

Having  offered  these  prcliminanf'  observations  on  the  subject  of  wells, 
I  take  leave  io  subjoin  a  section  of  the  well  lately  sunk  at  the  New  River 
Company's  reservoir,  in  the  Hampstead  Road ;  together  with  some  sketches 
of  the  tools  used  durinff  the  works,  and  a  statement  of  the  mode  in  which  the 
work  proceeded.  The  execution  of  this  work  was  placed  under  the  immediate 
care  and  superintendence  of  Messrs.  Hunter  and  English,  experienced  mill- 
wrights, whose  attention  was  unremitting  during  the  operation. 
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particulars  of  the  sinking  the  well  at  the  hampstead  road 
reservoir,  the  property  of  the  new  river  company. 

Wk.  c.  mylne,  engineer. 


On  the  21st  March  1835,  the  well-sinkers  commenced  excavating  in  made 
ground,  to  the  depth  of  6  feet,  and  continued  tlirough  1 7  feet  of  red  ( Hampstead) 
grravel,  at  a  diameter  of  20  feet ;  the  sides  of  the  shaft  were  supported  by  strong 
wooden  curbs  of  a  less  diameter  than  the  excavation,  and  clay  puddle  was 
filled  in  behind  tliem  in  order  to  shut  out  the  land  springs,  lliese  curbs  were 
sunk  down  througli  the  bed  of  gravel,  and  made  to  enter  a  few  feet  in  the 
London  blue  clay  lyino^  immediately  below  it.  At  this  depth  a  cast-iron 
footing  was  fixed  within  the  wooden  curl>s,  upon  which  a  14-inch  brick  shaft 
was  carried  up  to  the  grotmd  surface,  of  a  clear  diameter  of  12  feet  6  inches, 
worked  in  Roman  cement^  and  the  cavity  of  6  inches,  that  remained  l>etween 
the  back  of  the  brickwork  and  wooden  curbs,  was  caref\illy  filled  up  with 
concrete. 

The  excavation  was  continued  through  the  stratum  of  Idue  dlay  at  a 
reduced  diameter  of  12  feet  6  inches,  and  steined  with  9-incli  brickwork  in 
cement ;  thus  leaving  a  clear  shnh  of  1 1  feet  diameter. 

The  brickwork  was  built  by  continual  underpinnings,  as  the  work  proceeded; 
and  cast-iron  rings  were  inserted  at  about  every  8  feet  in  depth,  projecting 
beyond  the  back  of  the  brickwork  a  few  inches  into  the  clay,  for  the  purpose 
of  supporting  the  shaft  as  it  progressed. 

On  attiuning  the  depth  of  57  feet  in  the  clay,  the  boring  auger,  that  was 
alwaj's  kept  about  6  feet  in  advance  in  the  centre  of  the  well,  gave  indications 
of  having  passetl  through  the  blue  clay  into  a  stratum  of  soft  mottled  clay; 
it  was  therefore  tliought  advisable  to  discontinue  the  brickwork,  in  order  to 
ensure  a  foundation  for  its  support. 

On  proceeding  with  the  excavation,  the  diameter  was  again  reduced  to  10 
feet  iJ  inches,  for  the  purpose  of  introducing,  as  a  substitute  for  brickwork,  cast- 
iron  cylinders,  formed  of  6  segments,  6  feet  in  length,  united  by  bolts  through 
fianches  projecting  on  the  inside,  leaving  9  feet  9  inches  clear  diameter;  these 
were  joined  together,  and  being  forced  down  by  hand-screws,  were  made  to 
follow  the  work  as  the  sinking  continued  in  tlie  remainder  of  the  blue  clay, 
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and  then  through  a  lO-feet  bed  of  soft  mottled  clay:   on  approaching  the 
bottom  of  this  stratum,  water  first  made  iu  appearance. 

An  engine  and  two  8-inch  pumps,  in  two  lifts,  were  erected  and  set  to 
work,  by  which  the  well  was  kept  dry.  Tlie  sinking  was  tims  continued 
with  the  same  sized  cylinders,  following  the  work  to  the  further  depth  of 
8  feet,  in  a  bed  of  fine  brown  sand  :  during  the  progress  through  this  sand 
the  quantity  of  water  considerably  increased,  occasionally  accompanied  by 
large  quantities  of  sand  blowing  up  above  the  lower  edge  of  the  cylinder;  this 
was  observed  chiefly  to  come  from  the  north-east ;  and  on  boring  a  hole  in 
the  cylinder  at  that  quaiter,  in  the  mottled  clay  stratum,  it  was  found  that  the 
clay  had  fallen  down,  leaving  a  cavity  extending  3  feet  beyond  the  cylinders. 
From  the  very  unequal  pressure,  occasioned  by  this  cavity,  the  cylinders  were 
forced  out  of  the  perpendicular,  and  became  completely  jambed  when  their 
lower  edge  was  within  a  ftK)t  of  the  bottom  of  the  sand  stratum. 

From  this  circumstance  it  was  found  necessary  to  commence  with  cylinders 
of  a  sufficiently  reduce<l  diameter,  so  as  to  be  placed  within  the  others,  to 
allow  them  to  sink  perjiendicularly. 

During  the  period  that  elapsed  in  preparing  these  smaller  cylinders  the 
water  rose  to  within  85  feet  of  the  surface  of  the  groimd,  and  the  fine  brown 
sand  within  the  cylinder  to  nearly  the  level  of  its  original  surface. 

On  this  second  set  of  cylinders  l)eing  ready,  the  water  was  pum|>ed 
out  of  the  well,  and  the  sinking  pnx^eeded  with  through  the  accumulated 
sand  and  tlic  remainder  of  the  sand  stratum,  and  entered  another  bed  of 
mottled  clay,  similar  to  the  former.  There  was  then  found  a  gut  of  sand 
on  the  north-east  side,  upon  the  surface  of  the  clay,  to  the  depth  of  2  feet ; 
extending  4  feet  on  the  circumference  of  the  well,  and  diminisliing  towards 
the  centre. 

During  the  sinking  of  the  cylinders  through  this  Iwd  of  mottled  clay,  the 
water  and  sand  entered  in  large  quantities  from  the  same  side  as  the  gut,  to 
the  great  inconvenience  of  the  workmen ;  and  on  reaching  the  bottom  of  the 
stratum,  which  was  19  feet  6  inches  in  depth,  they  came  upon  a  thin  layer  of 
pebbles,  so  closely  emlwxlded  in  black  .sand  as  to  form  a  complete  mass  of  stone, 
which  was  broken  through  with  difficulty  by  hammers  and  chisels :  the  layer 
being  from  li  to  12  inches  iu  thickness,  and  the  pebbles  averaging  about  the 
size  of  an  egg :  on  leaving  this,  a  l)ed  of  dark  brown  sand  presented  itself,  and 
was  sunk  into,  to  the  depth  of  4  feet  6  inches,  from  which  there  was  little 
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increase  of  water  beyond  that  still  continuing  to  run  from  the  north-east  side. 
This  run  of  water  was  found,  on  inspection,  to  have  occasioned  a  similar 
cavity  behind  the  cylinders  in  the  last  l)ed  of  clay,  as  that  before  deftcril>ed 
in  the  upper  bed,  M'ith  the  same  attending  consequences,  the  cylinders  being 
forced  out  of  the  perpendicular,  and  again  jambed  in  tlie  sand ;  when,  after 
several  ineffectual  attempts  to  force  them  down  by  powerful  hand-screws,  it 
was  found  necessary  to  commence  witli  a  third  set  of  cylinders,  of  a  further 
reduced  diameter  of  7  feet  4  inches. 

Tlie  sinking  then  proceeded  through  the  remaining  7  feet  of  dark  brown 
sand,  and  into  a  bed  of  quicksand,  of  a  darker  colour,  to  the  depth  of  5  feet ; 
where,  on  the  19th  January  1836,  the  cylinders  became  so  jambed  that  it 
was  again  found  impossible  to  sink  them  lower. 

During  the  latter  portion  of  this  work  great  difficulty  was  experienced  from 
the  frequent  blowing-up  of  the  sand,  often  to  the  height  of  6  feet  at  a  time : 
and  also  from  tlie  immense  quantity  of  simd  that  was  pumped  up  witli  the  water, 
continually  choking  the  pumps.  This  had  caused  not  only  the  large  cavities 
already  mentioned  behind  the  cylinders,  but  the  lower  part  of  the  brick  shaft 
was  observed  to  have  inclined  bodily  towards  the  north-east;  thus  causing  nume- 
rous serious  cracks,  and  in  some  places  so  affecting  the  shaft  that  it  l)ecame  of 
an  oval  figure.  Several  segments  of  tlie  cast-iron  cylinders  were  also  broken 
asunder  at  their  vertical  flanches.  This  led  to  an  examination  behind  the 
brickwork.  An  opening  was  made  in  the  brick  shaft,  about  60  feet  from 
the  surface,  where  a  cavity  was  found,  extending  many  feet  at  tlie  back  of 
it ;  this  was  immediately  filled  up  with  stones  and  brit'kbats,  concreted  with 
lime  and  gravel.  Several  lengths  of  cast-iron  cylindei's  were  then  placed  on 
the  top  of  the  second  set,  for  the  purpose  of  lining  the  brick  shaft;  and  all 
the  irregular  spaces  between  tliem  and  the  brickwork  were  filled  up  with 
good  concrete. 

Tliis  settlement  of  the  ground  not  only  extended  itself  to  the  works  in 
immediate  connection  with  the  well,  but  also  to  the  reservoir  banks  contiguous, 
which  were  found  to  have  sunk  so  much,  that  a  large  portion  of  the  embank- 
ment and  inside  lining  of  brickwork,  on  the  side  nearest  the  well,  was  separated 
from  the  remainder,  and  the  cast-iron  main  beneath  the  bank  was  broken  in 
several  places. 

From  the  circumstance  of  these  extensive  settlements,  it  was  considered 
advisable  to  discontinue  the  pumping,  and  thus  suspend  the  works  for  a  short 
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time,  in  order  to  consider  of  some  other  mode  of  getting  through  the  remainder 
of  tlie  sand  stratum ;  of  the  many  plans  suggested  one  was  adopted,  by  the 
recommendation  of  Mr.  Simpson  (engineer  to  the  Chelsea  water-works), 
whose  Report  is  annexed.  It  is  there  proposed,  that  the  sinking  should  be 
continue<l  with  the  water  remaining  in  the  well. 

In  accordance  with  this  recommendation,  on  the  2'2nd  August  1836,  the 
8-inch  pumps  were  taken  out,  and  a  wrought-iron  cylinder,  or  tube,  formed  of 
boiler-plates,  rivetted  together  to  tlie  length  of  62  feet,  with  a  clear  diameter 
of  5  feet  10  inches,  was  lowered  to  the  surface  of  the  sand,  which  had  risen 
7  feet  in  the  well  since  the  discontinuance  of  the  works ;  the  level  of  the  water, 
which  varied  considerably  at  times,  generally  stood  about  102  feet  from  the 
ground,  thus  leaving  a  column  of  water  of  29  feet  in  the  well. 

Across  the  top  of  the  tixbe,  which  stood  33  feet  above  the  water,  a  platform 
was  placed  for  the  workmen  to  carry  on  their  operations. 

The  sand  now  having  the  pressure  of  water  upon  it,  was  found  to  have 
become  hard,  retpiiring  to  be  loosened  by  chisels.  After  that,  the  sand  was 
excavated  by  an  instrument  called  a  miser :  the  different  misers  employed 
varied  in  size  and  figure,  but  were  all  constructed  on  the  same  principle,  and 
each  capable  of  holding  about  2  bushels  of  sand,  although  they  seldom  came 
up  more  than  half  full. 

In  this  manner  the  sinking  was  continued,  while  the  ^T^ought-i^on  cylinder 
was  forced  down  by  hand-screws  that  were  placed  on  its  upper  edge.  After 
thus  forcing  through  tlic  remainder  of  the  quicksand  stratum,  a  bed  of  sand, 
intermixed  witli  small  flints  and  pebbles,  was  sunk  into,  to  the  depth  of  7  feet; 
on  passing  through  wluVh  a  bed  of  chalk  was  entered,  containing  numerous 
small  flints,  very  closely  embedded,  to  the  depth  of  4  feet  6  inches.  This 
stratmn  was  excessively  hard  and  difficult  to  penetrate,  thus  rendering  the 
progress  of  the  works  exceedingly  slow :  at  the  l)ottom  of  this  stratum  the 
chalk  became  much  more  solid,  and  the  cylinder  was  sunk  into  it,  to  the  deptli 
of  12  inches;  at  which  period  the  works  were  discontinued  for  a  short  time, 
leaving  the  well  at  a  depth  of  151  feet  from  the  surface  of  the  ground. 

During  the  sinking  through  these  different  strata  the  wrought-iron  cylinder 
had  been  lowered  on  an  average  from  4  to  3  inches  per  day,  and  the  works 
kept  constantly  in  operation. 

It  was  now  considered  that  the  water  and  sand  would  be  entirely  shut  out, 
and  that  tlic  sinking  might  be  continued  in  the  usual  manner.     The  platform 
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was  then  cleared  away,  and  two  8-inch  pumps,  in  two  lifts,  were  put  up  within 
the  wrought-iron  cylinder,  and  on  its  being;  set  to  work  by  the  engine  the  well 
was  freed  from  water. 

Towards  the  end  of  March  1837,  the  workmen  eommence<i  excavating  in 
the  hard  chalk,  at  a  diameter  of  G  feet.  The  chalk  was  now  found  so  solid 
as  to  require  no  lining ;  and,  as  the  works  proceeded,  layers  of  flints  were  cut 
through,  running  al>out  2  feet  6  inches  apart,  and  from  9  to  12  inches  in 
thickness :  each  of  these  layers  yielded  water  from  their  under-side,  and  they 
continued  at  such  intervals  to  the  depth  of  33  feet,  or  183  feet  from  the  surface 
of  tlie  ground. 

At  this  depth,  one  of  the  layers  being  partly  broken  into,  produced  more 
water  than  heretofore ;  and  from  this  extra  quantity  (added  to  that  yielded 
from  those  above)  the  8-inch  pump  was  found  incapable  of  keeping  the  water 
lower  than  within  7  feet  of  the  bottom. 

The  sinking  was  therefore  discontinued,  and  attention  was  directed  to  the 
better  securing  and  finishmg  the  works  above.  The  chalk  was  excavated  to 
an  enlarged  diameter  below  the  bottom  of  the  wrought-iron  cylinder,  for  the 
purpose  of  forming  a  brick  footing,  of  a  diameter  of  4  feet  7  inches  in  the 
clear,  increasing  at  the  bottom  to  7  feet  9  inches,  being  10  feet  6  inclies  in 
length ;  on  the  top  of  this  brickwork  a  broad  cast-iron  ring,  in  segments,  was 
fixed,  projecting  a  few  inches  beyond  the  back  of  the  brickwork  into  the  chalk, 
upon  which  rested  tlie  cast-iron  cylinders  that  were  introduced  within  the 
wrought-iron  tube  for  the  purpose  of  strengthening  it,  and  to  guard  against 
the  admission  of  sand,  in  case  of  its  failure  from  corrosion. 

These  cylinders  are  of  a  clear  diameter  of  4  feet  7  inches,  and  were  erected 
one  over  another  to  the  height  of  35  feet;  and  the  31  feet  of  wrought-iron 
tul>e  that  remained  standing  above  them  was  cut  ott*,  leaving  31  feet  of  it  in 
the  well. 

It  was  now  considered  advisable,  in  order  to  obtain  as  much  water  as 
possible,  to  admit  such  quantity  from  the  sand-spring  as  was  practicable 
without  the  admission  of  sand;  to  effect  this,  three  l|-inch  cocks  were  inserted 
in  the  cylinders  nearly  at  the  top  of  the  dark  brown  sand  stratum,  and  the 
water  flowed  through  them  mixed  with  a  small  quantity  of  sand. 

The  whole  of  the  works  having  now  been  properly  secured  and  made 
complete,  about  the  end  of  Februarj'  1838  the  8-iuch  pumps  were  taken  out 
and  two  of  12  inches  diameter  introduced,  in  two  lifts.     During  a  considerable 
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time  that  elapsed  in  preparing  for  the  erection  of  these  pumps,  the  water 
surface  in  the  well  had  remained  at  a  level  of  108  feet  from  the  surface  of 
the  ground.  In  the  month  of  August  1838,  being  the  period  at  which  the 
springs  are  short,  and  having  also  been  preceded  by  a  dry  winter  and  summer, 
the  engine  was  set  to  work,  and  the  result  of  two  weeks'  experiment,  as  to  the 
quantity  of  water  raised,  is  shown  below.  Another  experiment  was  also  made 
in  March  1839,  being  the  period  at  which  the  springs  usually  produce  their 
utmost,  and  following  a  rainy  winter  season,  the  result  of  which  is  also 
annexed. 

Engine  set  to  work  1st  August  1838. — Surface  of  water  in  the  well  109 
feet  from  the  ground. — Depth  of  water  in  the  well  74  feet. — One  12-inch 
column  of  water,  in  2  lifts. 

Cubic  Feet. 
Quantity  of  water  raised  during  the  first  week  .     .     103,950 
Ditto  ditto  second  week  .     104,625 

2)208,575 

Average  cubic  feet  raised  per  week 104,287 

Or  14,898  cubic  feet  per  day  of  24  hours. 

Engine  set  to  work  20th  March  1839. — Surface  of  water  in  the  well  105 
feet  from  the  ground. — Depth  of  water  in  the  well  78  feet, — One  12-inch 
column  of  water,  in  2  lifts. 

Cubic  Feet. 
Quantity  of  water  raised  during  the  first  day .     .     .     30,584 
Ditto  ditto  second  day  .    .    30,415 

2)60,999 

Average  cubic  feet  raised  per  day  of  24  hours      .     .     30,499 
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Summary  of  the  Expenses  incurred  in  sinking  the  well,  erecting  an  engine 
and  pumps,  and  making  good  all  damages  occasioned  during  the  execu- 
tion of  the  work : — 

£.       1.     d. 
Excavations,  cartage,  labour,  &c.      .     .     .     3,006     2     0 

Steam-engine  and  machinery 1,912  17  10 

Millwrights' -work,  well-sinkers,  castings,  &c.  5,762     8     6 
Bricklayers'  and  masons'  work 1,740    5     9 

£12,421   14     1 

The  following  table  shows  the  depth  of  the  different  strata  of  earth,  through 
which  the  well  was  sunk : — 

Feet.  In. 

Made  ground 6  0 

Red  gravel 17  0 

London  blue  clay 59  0 

Soft  mottled  clay 10  0 

Fine  brown  sand 9  0 

Soft  mottled  clay 19  6 

Black  Band  and  pebbles 10 

Dark  brown  Band 11  6 

Dark  quicksand 6  0 

Sand,  with  flinta  and  pebbles 7  0 

Chalk,  with  Bmall  flinte 4  0 

150       0 
Chalk,  with  flinte,  as  far  as  has  been  excavated  .     33      0 

Total  depth 183      0 

Trinity  high-water  mark,  77  feet  8  inches  below  the  surface  of  the  ground. 
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REPORT  OF  J.  SIMPSON,  Es<i..  ENGINEER. 


JIR,  Thames  Bank,  Pimlico,  March  30th,  1836. 

Having,  in  pursuance  of  your  reqursat,  Burveyed  the  well  and  works  at  the 
New  River  Company*s  Hampstead  Road  reservoir,  and  obtained  the  uecessiiry 
information,  1  have  now  the  pleasure  to  submit  the  following  Report. 

With  respect  to  the  stabiUty  of  the  well  and  works,  I  have  to  observe,  there 
is  a  settlement  in  the  second  brick  curb,  a])out  2i)  feet  from  the  surface;  towards 
the  bottom  of  this  curb  it  is  very  much  distorted,  and  there  is  every  indication 
of  its  having  been  forced  over  towards  the  reservoir  by  tlie  pressure  of  the 
earth. 

Tlie  well-diggers  have  had  to  contend  with  much  more  than  the  ordinary 
obstacles  generally  encoimtered  in  such  undertakings;  the  subsidence  of  the 
soil  immediately  contiguous  to  the  curb  and  cylinders  has  been  great,  and 
notwithstanding  the  precautions  adopted  of  sustaining  them  and  the  pumps 
by  long  iron  bolts,  serious  injury  has  accrued  to  the  curb  and  cylind^ers,  and 
the  well  should  not,  in  my  opinion,  be  proceeded  with  until  they  are  effectually 
secured. 

It  has  been  stated  to  me,  that,  during  the  sinking  of  the  lower  cylinder, 
the  sand  was  continually  forced  under  it  into  the  well,  whenever  the  spring  got 
vent^  more  especially  on  the  side  next  the  reservoir;  and  tliere  are  sufficient 
indications  on  tlie  surface  to  show  that  the  subsidence  of  the  earth  has  been 
very  extensive — there  is  no  doubt  but  that  the  settlements  in  the  reservoir  have 
been  caused  by  it;  and  from  the  appearance  of  the  walls  of  the  cottage,  the 
subsidence  has  also  proceeded  in  that  direction;  and,  altho  gh  difficult  to 
ascertain  its  precise  limits,  it  seems  to  me  we  may  conclude  that  it  ranges  from 
one  to  two  huudred  feet  round  the  well ;  the  quantity  of  sand  dug  out  from 
the  bottom  appears  greatly  to  have  exceeded  the  cube  of  the  well  at  the  depth 
of  the  lower  sand  stratum :  from  the  state  of  the  water  I  saw  pumped  out  on 
the  17th  inst.,  it  contained  from  i  to  ^  sand  and  clay,  tho  colour  of  the  latter 
being  frequently  discernible;  and  from  the  occasional  gushes  of  clay,  sand,  and 
water,  through  holes  whicli  had  been  bored  in  the  lower  cylinder,  to  prevent 
its  flowing  over  the  top,  on  to  the  well-sinkers,  it  is  manifest  there  is  a  great 
subsidence  of  the  soil  round  the  curb  now  going  ou»  and  that  it  proceeds  most 
rapidly  when  the  water  is  pumped  out  of  the  well. . 
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From  examples  of  wells  bored  and  sunk  in  and  near  tlie  Metropolis,  pai-ti- 
cularly  on  die  western  side,  viz.,  Hammersmith,  Fulham,  &c.  &c.,  tlie  springs 
in  the  chalk  formation  are  evidently  more  abundant,  and  in  most  instances  rise 
much  liigher  than  the  springs  from  the  sand  stratum  above  it;  nearly  all  the 
overflo^ving  wells  near  London  derive  their  supply  from  the  chalk  formation ; 
the  water  in  most  cases  is  found  at  about  70  feet  depth  in  it,  sometimes  in 
strata  of  loose  flints,  sometimes  from  fissures,  and  occasionally  from  soft  veins 
in  the  chalk.  Sufficient  proof  of  this  has  been  obtained  by  borings  in  and  near 
die  Metropolis,  and  by  connecting  the  observations  with  the  cases  of  wells 
actually  sunk  into  the  chalk  immediately  outside  the  London  basin ;  the  fact 
of  the  water  rising  to  higher  levels  may  be  attributable  to  the  more  open 
structure  of  tlie  formation  compared  with  the  sand  strata,  but  it  is  more 
probably  attributable  to  the  sources  from  whence  the  supplies  are  derived  being 
in  more  elevated  situations ;  and  there  seems  already  sufficient  ondence  to 
connect  a  considerable  portion,  if  not  the  whole,  of  the  sources  of  supply  with 
the  rivers  and  streams  traversing  the  bassetts  of  the  strata,  where  they  crop 
out  and  intermingle  with  the  chalk  on  the  uplands  near  the  Metropolis. 

The  chalk  formation  is  evidently  the  stratum  from  which  large  supplies 
of  water  can  reasonably  Ik;  anticipated  to  effect  the  object;  however,  so  far  as 
my  practice  has  directed  me,  a  shaft  must  be  sunk,  and  adits  driven,  to  open 
and  unite  the  fissures  in  what  may  be  really  termed  the  cavernous  structure 
of  the  chalk,  to  admit  of  the  water  flowing  to  the  well  as  freely  as  possible. 
The  difficulty  and  expense  of  sinking  a  shaft  through  tlie  sand  strata  in  or 
near  London  lias  hitherto  been  a  serious  obstacle :  boring  has  been  the 
ex|>edient  resorted  to;  and  although,  by  this  process,  large  supplies  of  water 
have  been  obtained,  I  am  of  opinion  the  real  capabilities  of  the  chalk  forma- 
tion, as  a  water-bearing  stratum  in  this  part  of  the  country,  have  not  yet  been 
fully  developed. 

To  retuni  to  the  object  more  immediately  in  view,  viz,,  tlic  sinking  of 
the  well  in  the  Hampstcad  Road  safely  into  the  chalk,  I  have  to  state,  that 
the  work  has  occupied  my  most  serious  attention,  previously  to  the  adoption 
of  any  plan.  I  am  of  opinion,  it  will  be  advisable  to  secure  the  present  brick 
curbs  and  upper  cylinders  with  strong  timlier  segments  and  strutts;  and 
wherever  derangements  of  the  curbs  and  cylindei-s  are  discemable,  to  fit  in  and 
substantially  fix  strong  scantling  vertically  between  them  and  the  segments, 
to  counteract  the  latenil  thrusts  now  acting  against  the  curbs  and  cylinders 
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from  the  pressure  of  earth  on  the  opposite  sides  to  the  great  vacuities  in  the 
soil  contiguous  to  the  well. 

The  surrounding  soil  will,  no  doubt,  be  saturated  with  water  to  the  utmost 
extent  until  July ;  and  I  recommend  further  proceedings  to  be  delayed  until 
the  commencement  of  that  month,  when  it  may  be  reasonably  anticipated  that 
the  soil  will  become  more  consolidated,  and  be  in  a  state  more  suitable  for  the 
prosecution  of  the  undertaking. 

With  regard  to  the  recommencement  of  the  work,  only  two  of  the  plans 
which  liave  occurred  to  me  are  deserving  attention. 

1st.  The  driving  of  an  iron  pile  curb.   . 

2nd.  The  sinking  of  iron  cylinders  cast  in  entire  circles. 

The  model  of  the  iron  pile  curb  you  shewed  me  appeared  very  well  designed 
for  the  purpose  in  view ;  the  driving  it,  however,  would  be  a  work  most  diffi- 
cult to  execute. 

According  to  the  section  of  the  strata  before  mentioned,  which,  in  the 
absence  of  better  information,  I  must  quote,  the  bottom  of  the  third  cylinder 
may  be  taken  to  be  from  13  to  14  feet  above  the  chalk;  and,  as  it  is  not 
practicable  to  keep  the  sand  lower  in  the  cylinder  than  6  feet  above  the  bottom 
of  it,  the  drift  of  the  curb,  with  3  feet  in  the  chalk,  will  be  from  22  to  23  feet. 
I  do  not  see  how  such  an  extent  of  drift  can  be  effected  with  less  than  three 
tier  of  pile  curbs,  especially  as  the  water  must  be  kept  pumped  out  of  the  well 
for  the  performance  of  the  work,  which  will  throw  considerable  pressure 
against  the  piles ;  and  the  quantity  of  sand  which  will  inevitably  be  forced 
under  the  cylinders  with  the  water,  will  prove  a  serious  interruption,  inde- 
pendent of  causing  the  further  subsidence  of  soil  round  the  well,  added  to 
which  the  concussions  arising  from  the  blows  of  the  ram  of  a  pile-engine  at 
such  a  depth  will  affect  the  mass  to  a  serious,  if  not  to  a  dangerous  extent.  I 
cannot,  therefore,  recommend  this  mode  of  proceeding. 

The  sinking  of  iron  cylinders  through  sand  and  gravel,  without  pumping 
out  any  of  the  water  within  the  shaft,  is  now  a  very  common  practice  among 
the  well-diggers ;  it  is  performed  with  the  common  boring  rods  and  tools,  the 
sheliS,  or  buckets,  are  fitted  with  valves  at  the  bottom  to  open  upwards ;  they 
are  much  larger  than  those  used  in  borings,  and  the  men  turn  and  force  them 
into  ths  strata  and  draw  the  material  up  in  them  with  the  greatest  ease ;  when 
the  cylinders  become  set,  they  make  use  of  a  small  sling  ram,  or  occasionally 
of  a  very  heavy  sledge-hammer,  to  jar  them,  and  they  resort  to  this  expedient 
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whenever  they  find  the  cylinders  do  not  sink  according  to  the  proportions  of 
sand  or  gravel  they  remove.  The  keeping  of  the  water  in  equilibrium  inside 
and  outside  the  cylinders  is  very  important ;  I  have  practised  this  method, 
and  from  my  observation  of  its  efficacy  in  several  instances,  I  recommend  its 
adoption  at  the  well  in  the  Hampstead  Road ;  it  may  involve  the  necessity  of 
two  sets  of  cylinders,  but  I  think,  if  the  first  be  made  strong  enough  a  second 
will  not  be  required.  The  top  of  the  cylinder  is  always  kept  above  water,  which 
will  be  an  advantage  in  the  case  in  question;  it  will  enable  the  men  to  work 
in  a  part  of  the  well  where  there  is  much  more  room,  and  afford  them  greater 
facilities  for  their  operations. 

In  case  my  observations  have  not  extended  to  any  point,  or  to  every  parti- 
cular, you  directed  my  attention  to,  I  request  the  favour  of  you  to  inform  me, 
that  I  may  supply  the  deficiency. 

I  remain.  Sir, 

Your  most  obedient  servant, 

(Signed)  JAMES  SIMPSON. 

Wm.  C.  Mylne,  Esq.,  Civil  Engineer, 
New  River  Head. 


IX. — Account  ofifie  Gravesend  Pier, 

By  WILLIAM  TIERNEY  CLARK,  F.R.S.,  M.  Inst.  C.  E. 

Pretioi's  to  the  introdiiction  of  steam  packets  on  die  River  Thames,  Gravesend 
was  a  place  of  resort  for  many  persons  from  London  in  the  summer  months; 
the  passage  hy  the  sailing;  packets,  or  tilt  boats,  as  they  were  anciently  called, 
presented    an  agreeahle  but  uncertain  conveyance-      This  transit  was   never 
attempted  except  with  the  tide,  and  frequently  the  passengers,  being  becalmed, 
were  comj)clled  to  land  at  some  place  short  of  the  vessers  destination,  or  to 
remain  on  boanl   until  the  following  tide;    and  it  was  not  uncommon  to  be 
detained  on  tlie  water  tliroughout  the  night,  especially  when  the  journey  com- 
menced after  mid-day.     These  sailing  packets  were  of  a  burthen  varying  from 
15  to  35  tons,  and  were  cajKible  of  carrying  from  GO  to  100  passengers.     A 
coach,  called  a  tide  coach,  awaited  the  arrival  and  departure  of  the  packets,  for 
the  convenience  of  those  who  resided  at  Rochester,  or  other  places  in  the  imme- 
diate vicinity  of  Gravesend.     At  the  period  referred  to  (1820)  the  population  of 
Gravesend  and  tlie  adjoining  place,  called  Milton,  was  under  5000 ;  and  the 
visitors  were  chiefly  of  the  lower  classes  of  society.  These  packets  either  drew  too 
mucli  water,  or  it  was  consitlered  inexpedient  tjo  allow  them  to  lie  alongside  the 
jetty ;  and,  consequently,  in  order  to  embark  or  disembark,  the  passenger  had  to 
hire  a  small  boat  or  wherry  to  convey  him  between  the  shore  and  the  packet,  for 
which  each  person  paid  sixpence,  although  the  distance  would  not  exceed  from 
t;n  to  twenty  yards,  and  although  the  same  wherry  would  convey  eight  persons. 
The  passage  between  Gravesend  and  London  generally  occupied  from  five  to 
six  hours,  because,  though  a  fair  and  fresh  wind  might  have  carried  the  vessel 
the  whole  distance  in  three  hours,  these  favoumble  circumstances  were  inva- 
riably made  the  cause  of  delay  in  starting,  in  order  to  get  a  larger  nimiber  of 
passeagers,  or,  in  the  words  of  those  days,  **  a  good  tide  ;**  the  whole  object  of 
tlie  Cn>tain  (who  was  also  generally  part  owner)  being  to  reach  the  terminus  bv 
the  time  the  tide  was  exhausted.     When  a  steam  vessel  first  came  to  Gravesend 
the  attenpt  was  made  to  lay  her  alongside  the  jetty,  so  that  the  passengers 
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might  walk  in  and  out;  but  this  attack  upon  vested  rights  was  so  stoutly 
resisted  by  certain  parties,  that  the  owners  of  the  packet  soon  made  an  uncon- 
ditional surrender ;  and  the  watermen,  seeing  that  their  easy  earnings  had  been 
placetl  in  jeopardy,  reduced  their  fare  between  the  shore  and  packet  to  four- 
pence  each  person.  Tlic  trip  to  and  from  Gravescnd,  however,  being  rendered 
certain  by  the  steam  packet,  the  resort  to  the  place  gradually  increased,  and  at 
length,  in  the  year  1830,  in  consequence  of  continued  remonstrances  by  the 
visitors  against  being  compelled  to  use  tlie  wherry  boats,  and  a  geneml  demand 
for  a  pier,  a  public  meeting  of  the  inhabitants  was  called  by  the  Mayor,  to 
consider  tlie  propriety  of  erecting  one.  In  the  notice  for  convening  the  meet- 
ing, however,  the  Mayor  thought  it  expedient  to  disclaim  giving  any  judgment 
of  Ilia  own,  and  to  throw  out  a  suggestion  that,  provided  the  pier  should  be 
built,  compensation  should  be  made  to  the  watermen.  The  meeting  was  fully 
attended ;  but  most  of  tJie  persons  who  signed  the  requisition  either  were 
absent,  or  l>ecame  at  the  moment  opposed  to  the  erection  of  a  pier,  and  tbe 
measure  was  consequently  condemned ;  for  not  more  than  four  or  &ve  inha- 
bitants were  bold  enough  to  declare  their  real  sentiments,  among  whom  was 
the  then  Town-clerk,  who,  for  his  temerity,  was  dragged  from  the  Town  Hall, 
and  assaulted  by  the  mob. 

Notwithstanding  this  discouragement,  a  meeting  of  proprietors  of  the  steam- 
packet  companies  was  convened  early  in  1831,  to  express  their  opinion  upon 
the  utility  of  a  pier;  and  although  individual  interest  very  much  encouraged 
the  hope  of  success,  intimidation  and  prejudice  prevailed  to  such  an  extent, 
that  the  steam-packet  proprietors  declared  that  a  pier  would  be  injurious  to 
their  establishment. 

Pul)lic  opinion,  however,  pressing  closely,  the  municipal  authorities  of 
Gravesend,  in  1832,  applied  to  the  legislature  for  authority  to  erect  a  pier- 
Perhaps  a  greater  parliamentary  contest  on  a  subject  of  local  improvement 
never  occurred ;  nor  were  stronger  feelings  and  interests  ever  called  fortli.  The 
promoters  of  the  Bill  had  opposed  to  them  many  of  the  inhabitants,  as  well  as 
the  watermen ;  who,  with  the  mariners  generally,  declared  the  proposed  »Ian 
to  be  impracticable,  on  account  of  the  obstruction  to  the  navigation,  aad  as 
tending  to  impede  the  supplies  for  the  London  coal  and  fish-markets.  The 
leading  argument  of  the  opponents  of  the  plan  was,  that,  as  it  was  proposed 
to  carry  out  the  new  pier  to  a  considerable  extent  beyond  the  existing  quay 
and  Jetty,  the  flow  of  the  tide  would  be  obstructed  thereby  in  a  muth  greater 
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degree  than  by  the  old  jetty  with  its  numerous  arches.  This  was,  however, 
met  on  the  other  side,  by  proof  that  there  was  a  much  greater  extent  of 
opposing  surface  in  the  old  jetty  than  in  the  proposed  pier,  although  the 
latter  was  to  extend  40  feet  beyond  the  lowest  point  of  the  jetty.  Some  of 
the  authorities,  also,  connected  with  tlie  conservancy  of  the  Thames,  took  active 
measures  of  opposition;  and,  finally,  at  the  close  of  the  session,  after  powerftil 
struggles  and  divisions  in  every  stage,  and  an  expenditure  of  a  large  sum  of 
money,  the  Bill  was  lost  in  the  House  of  Lords  by  a  majority  of  one. 

The  struggle  in  Parliament,  however,  had  called  up  the  notice  of  the  public, 
and  even  of  the  Ministry :  and  in  consequence  of  some  particular  features  in 
the  report  of  the  Lords'  Committee,  the  Duke  of  Richmond,  tlien  one  of  the 
Cabinet,  prevailed  on  their  Lordships  to  recommit  the  Bill.  But,  after  a  second 
expensive  struggle  in  the  Committee,  it  met  witli  a  similar  fate,  and  was 
consequently  lost. 

The  contest,  however,  was  not  without  its  advantages,  for,  in  the  course  of 
the  investigation,  the  authorities  of  Gravesend  became  not  only  confirmed  in 
the  propriety  of  tlieir  conduct,  but  received  so  much  public  encouragement, 
that  they  determined,  during  the  recess,  to  erect  a  temporary  pier,  and  to  shew 
to  Parliament,  in  the  ensuing  session,  not  only  the  practicability  of  the  proposed 
pier  without  injury  to  the  navigation,  but  also  the  local  as  well  as  public  benefit 
which  would  follow  such  a  measure. 

Accordingly  a  wooden  pier  was  speedily  constructed,  and  immediately  pro- 
duced such  mEinifest  advantages  to  the  inhabitants,  by  more  than  doubling  tlie 
resort  to  the  town,  that  converts  to  such  an  improved  landing  were  daily  made, 
and  those  steam  packets  which  did  not  use  the  pier  had  but  few  passengers. 
The  watermen  and  their  families  (caleidated  at  1500  persons)  were  in  the 
greatest  excitement;  and  though  they  menaced  several  of  the  parties  engaged 
in  ihe  pier,  they  refrained  from  acts  of  open  violence,  in  the  full  conviction  that 
Parliament  or  tlie  Admiralty,  in  the  following  session,  would  either  suppress 
the  pier,  or  that,  during  the  winter,  one  of  those  misfortunes  (predicted  by  them) 
of  ships  striking  against  it  and  lives  being  lost,  would  effectually  and  for 
ever  remove  it.  The  expectations  of  many  persons  were  greatly  raised  by  the 
fact  of  ilie  United  Kingdom,  of  400  tons  burthen,  being  totally  wrecked  in 
the  mont^i  of  January  1833,  at  Northfleet,  about  two  miles  to  the  west  of  the 
pier,  and  being  for  three  days  carried  by  the  tide  up  and  down  the  river 
between  Northfleet  and  the  east  end  of  Gravesend ;  but,  contrary  to  all  expec- 
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tation,  the  pier  sustained  no  injury;  and  thus  was  the  fact  fully  established 
that,  so  far  as  the  ebb  and  flood  tides  were  concerned,  the  pier  projection  was 
no  impediment  to  the  navigation. 

In  1833,  a  Bill  was  again  brought  into  Parliament,  and  again  opposed  ; 
but  at  length,  upon  the  Committee  in  the  Commons  passing  the  Bill,  the 
watermen,  aided  by  several  of  the  inhabitants  proceeded  in  the  night  to 
destroy  the  pier,  which  they  effectually  did,  after  extinguishing  the  liglits  in 
the  town,  by  cutting  away  with  saws  and  hatchets,  the  piles  that  supported  the 
platform.  Such  was  the  violence  and  menace  used,  tliat  the  civil  authorities 
were  utterly  unable  to  put  a  stop  to  tlie  destruction  of  property,  or  to  preserve 
the  peace  of  the  town ;  and  the  presence  of  the  military  from  Tilbury  Fort, 
the  Rifle  Brigade  from  Chatham,  and  tlie  CoLhani  Yeomanry  were  found 
necessary  for  several  weeks,  whilst  the  |)ier  was  repaired  and  order  restored. 

By  tliis  act  of  violence  the  opponents  of  the  pier  lost  much  of  tlieir  ParUa- 
mentar}'  support.;  and  the  Duke  of  Buccleuch,  the  Lords  Salisbury,  Strangford, 
Faversham,  and  Wynford,  with  many  others  who  had  op|X>sed  the  Bill,  now 
gave  it  their  support,  and  ultimately  the  Act  passed,  in  June  1833 ;  and  on  tlte 
29tli  of  July  of  the  following  year,  within  13  months  afterwards,  the  present 
pier  was  opened  to  the  public. 

The  advantages  to  Gravesend  consequent  on  this  event  have  been  immense, 
and  very  far  exceed  the  calculations  upon  which  the  claim  for  a  j'uer  were 
founded.  The  resident  population  is  now  more  than  17,000,  and  in  tJ«  sum- 
mer season  it  exceeds  20,000.  The  buildings  have  increased  in  the  like  jji*tMr- 
tion,  and  the  coaches  between  Rochester,  Maidstone,  &c.  and  Graves<:iti, 
attending  the  arrival  and  departure  of  the  steam  packets,  average  forty  dai« 
throughout  the  year. 

The  residents  and  visitors  each  montli  are  found  to  be  gradually  increasing^ 
whilst  the  latter  are  no  longer  confined  to  the  mechanic  and  artisan,  but  they 
consist  of  all  classes  of  society,  and  thus  become  a  source  of  wealtli  and  prospe- 
rity to  Gravesend  and  the  adjacent  district  of  Milton,  and  afford  great  gratifica- 
tion to  all  who  had  to  endure  tlie  labour  and  trouble  of  obtaining  f)r  the 
town  its  present  pier ;  wliilst  the  public,  instead  of  paying  sixpence  eacli  for  the 
compulsory  use  of  a  small,  incouvciiient,  not  to  say  dangerous  landing  wherry, 
pay  but  threepence  toll  for  a  safe  aud  commodious  pier,  which  payment  of  toll 
is  included  in  the  fare  of  tlie  steam-packets. 

The  following  statement  of  the  numbers  of  passengers  landing  and  em- 
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barking  at  Gravesend  for  tlie  last  ten  years,  will  prove  the  rapid  and  perhaps 
unparalleled  increase,  caused  by  the  combined  advantages  offered  by  steam 
navigation  and  a  commodious  pier : — 


■  Before  a  pier  was  erected. 


1829 

.   122,880 

1830 

.  225,600 

1831 

.  237,600 

18321 
1833) 

.   .  479.280 

1834 

.  313,896 

1835 

.  809,169 

1836 

.  834,803 

1837 

.  784,763 

1838 

.  872,721* 

1839 

.  1,005,430* 

Since  the  pier  has  been  erected. 


GENERAL  DESCRIPTION  OF  THE  PIER. 

The  nature  of  the  communication  betwixt  the  quay  and  the  water,  previous 
to  the  erection  of  the  pier  which  forms  the  subject  of  the  present  communi- 
cation, will  be  fully  understood  from  the  plans  and  sections  (Plate  I.)  Stairs 
descended  from  the  quay  wall,  and  from  the  bottom  of  the  stairs  a  jetty  ex- 
tended to  the  low- water  line  of  spring  tides,  or  to  a  distance  of  about  116  feet 
from  the  front  of  the  quay  wall.  The  pier  extends  to  a  distance  of  161  feet 
from  the  front  of  the  quay  wall,  at  which  distance  there  is  a  depth  of  about 
6  feet  at  low-water  spring  tides,  and  of  27  feet  at  high-water  spring  tides. 
The  centre  line  of  the  pier  is  represented  by  the  line  A  B  b,  and  the  nature 
of  the  site  and  the  extent  of  the  erection  will  be  seen  at  once  from  the  general 
plan  and  longitudinal  section  of  the  foundations  (Plate  I.)  The  ground  upon 
which  the  pier  was  to  be  founded  was  very  limited,  and  the  existing  quay  was 
to  form  part  of  the  new  pier.  Also  a  separate  jetty  and  stairs  were  to  be  pro- 
vided for  the  use  of  the  watermen.  The  general  arrangements  by  which  these 
objects  were  effected,  are  shewn  by  the  elevation  and  general  plan  of  the  quay 
and  pi«r  (Plate  II.)  The  pier  consists  of  two  parts,  the  promenade  and  the 
T  head.    The  promenade,  or  part  of  the  pier  between  the  T  head  and  quay  is 

•  These  numbers  for  1838  and  1839  may  not  be  strictly  correct,  but  they  are  derived  from  the 
best  sources  cf  information  that  could  be  obtained. 
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127  feet  in  length,  and  39  feet  6  inches  in  breadtli,  and  supported  by  four 
arches  resting  ou  columns,  as  will  be  described  liereafter.  The  T  head,  so  called 
from  its  shape,  on  the  extreme  or  northern  end  of  the  pier,  is  29  feet  7  inches 
in  width)  and  73  feet  in  frontage  to  the  river.  It  is  supported  on  eighteen 
cast-iron  columns.  The  descent  to  the  stairs  for  embarking  and  disembarking 
from  the  vessels,  is  in  the  centre  of  the  extreme  end  of  die  pier   (Plate  III.) 

ci'^™uy.'  The  causeway  at  which  the  watermen  land  at  all  states  of  the  tide  is 
111  feet  6  inches  in  length,  and  12  feet  5  inches  in  breadth,  supported  on  seven 
cast-iron  frames  resting  ou  separate  foundations,  and  on  transverse  bearing 
beams  attached  to  the  cast-iron  columns  which  support  the  promenade,  four  of 
which  are  provided  with  bracketed  flanches  for  this  purpose.  The  ground 
being  excavated  to  a  sufficient  depth  to  secure  a  good  foundation,  an  entire 
course  of  3-inch  York  paving-stone,  well  bedded  in  mortar,  and  set  quite  level, 
was  laid,  holes  having  been  previously  cut  through  the  stones  for  receiving  the 
hold-down  bolts;  upon  this  the  brickwork  was  laid,  capped  with  Bramley  Fall 
stone,  18  inches  wide  and  12  inches  thick,  with  holes  for  the  hold-down  bolts 
to  secure  the  frames  which  support  the  causeway.  The  end  of  the  causeway 
near  tlie  quay  wall,  and  the  steps  up  to  the  quay,  are  supported  on  three 
similar  foundations  of  brickwork  parallel  to  each  other,  the  intermediate  spaces 
being  filled  up  with  concrete  (Plate  1.) 

The  cast-iron  frames  are  finnly  secured  down  to  the  brick  and  stone-work 
by  four  iron  bolts,  passing  through  tlie  foundations,  and  the  transverse  beams 
are  fitted  endways  between  the  columns,  and  screwed  doAvn  to  the  flanches  by 
1-inch  screw-bolts  and  nuts  ;  longitudinal  fenders  of  oak  timber,  9  inches  square, 
are  fixed  at  the  outside  comers  of  the  frames,  and  to  tfie  transverse  pieces 
between  the  columns  by  1-inch  screw-bolts  and  nuts;  between  these  longitudinal 
fenders  are  three  cast-iron  beams,  each  of  which  rests  with  one  end  on  one  half 
of  the  transverse  beams  between  the  columns,  and  is  supported  at  the  otker 
end  and  at  intermediate  points  on  the  frames,  and  securely  fixed  by  dovetail 
keys.     The  whole  is  covered  with  4-inch  York  paving. 

juI^li'K^iu!"  The  promenade  rests  on  cast-iron  ribs  forming  four  arches, 
supported  by  iron  columns  on  brick  and  stone  foundations  (Plates  I.  &  II.) 
The  ground  being  excavated  to  a  good  and  sound  bottom,  tlie  entire  surface  of 
the  excavation  is  laid  with  Bramley  Fall  rag-stone,  dressed  9  niches  in 
thickness,  and  no  stone  less  than  4  feet  square,  set  level  iu  every  direi:tion,  and 
well  bedded  in  mortar.     The  stones  are  pierced  with  holes  4  inclies  square,  for 


ON  THE  GRAVESEXD  PIER. 


251 


receiving  the  liohl-down  bolts,  each  of  which  is  provided  with  a  cast-iron  plate 
1 5  inches  square,  well  bedded  to  the  under  side  of  the  stone.  The  brickwork 
being  carried  up  to  the  proper  lieiglit,  is  capped  with  two  Bramley  Fall  stones, 
each  5  feet  9  inches  square  and  2  feet  thick.  Holes  are  abo  bored  through 
these,  the  vertical  spaces  left  in  the  brickwork  being  made  to  correspond  with 
the  holes  in  the  lower  stones,  and  great  care  was  taken  in  setting  out  the  holes 
and  keeping  the  bolts  in  a  perpendicular  direction,  and  so  wide  as  to  correspond 
accurately  with  the  centre  of  the  bolt-holes  in  the  bottom  of  the  columns. 

The  sum  to  be  expended  by  the  Corporation  on  the  new  pier,  was  not 
sufiicient  to  admit  of  the  use  of  caissons  or  a  coffer-dam,  and  the  obstruction 
which  they  would  have  caused  to  the  navigation  was  an  additional  objection 
to  their  use.  Recourse  was  consequently  had  to  a  more  simple  mode,  which 
has  proved  from  experience  equally  advantageous  and  far  less  expensive,  and 
which,  it  is  believed,  was  never  before  practised.  The  complete  success  of  the 
method,  and  the  great  advantages  which  may  attend  its  adoption  in  particular 
cases,  will  be  seen  from  tlie  following  account. 

^"tUS^^  The  columns  of  the  T  head  are  supported  on  fifty-four  cast-iron 
piles,  each  column  being  supported  on  three  piles.  The  stratum  into  %vhich 
the  piles  are  driven,  consists  chiefly  of  chalk,  and  as  it  was  of  the  greatest  im- 
portance that  this  part  of  tlie  work  sliould  be  executed  with  accuracy,  in  order 
tliat  tiie  centres  of  the  piles,  when  driven,  should  correspond  with  tlie  centre  of 
the  holes  in  the  flauches  at  the  bottom  of  the  columns,  the  following  precautions 
were  adopted.  A  large  platform  of  whole  timbers  was  formed  in  length,  breadth, 
and  dimensions,  as  shewn  in  the  plan  (Plate  I.),  and  well  secured  by  l-inch 
screw-bolts  and  nuts.  Upon  this,  was  accurately  set  out  the  distances  between 
tlie  centre  of  each  column  forming  the  T  head  of  the  pier.  Plates  of  cast-iron 
\\  inch  thick,  eighteen  in  number,  and  each  having  tliree  circular  holes,  17^ 
indies  diameter,  called  guide-plates,  were  then  screwed  down  in  their  proper 
situations  upon  the  platfonn ;  the  centres  of  the  holes  in  each  plate  being  ad- 
justed so  as  to  correspond  exactly  with  the  centre  of  the  site  for  each  pile. 

The  platform  was  tlicn  floated  out  and  secured  by  moorings  in  its  proper 
place,  at  the  level  of  low-water  spring  tides,  until  four  piles  were  driven,  one  at 
each  comer,  for  securing  it  more  penuanently. 

This  »eing  done,  a  cast-iron  shell  was  introduced  perpendicularly  into  one 
of  the  thiee  holes  of  the  guide-plates,  and  driven  tiirough  the  mud  into  the 
chalk  belov.     An  auger  was  then  inserted,  varying  from  nine  to  ten  inches  in 
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of  the  chalk,  and  the  boring 


eedc 


diameter,  according  to  the  density  of  tlie  chalk,  and  tlie  bormg  was 
witli  to  witliin  one  foot  of  the  length  of  the  pile  intended  to  be  used.  The 
depth  of  tlie  boring  varied  according  to  the  length  of  the  piles,  and  other 
circumstances;  the  pile  was  then  introduced  tlirowgh  the  shell  into  the  bored 
hole,  and  driven  down  to  witliin  two  or  three  feet  of  the  top  of  the  shell,  when 
the  shell  was  di-awu  up,  and  the  pile  driven  down  by  means  of  a  hard  wooden 
dolly,  made  to  fit  the  top  of  the  piles,  and  upon  which  the  monkey  of  the 
pile-engiue  acted.  The  greater  portion  of  the  piles  for  the  T  liead  were 
fh'iven  in  this  manner  under  water,  in  conse<|uence  of  the  prevailing  wind 
during  the  months  of  February,  March,  and  April,  being  easterly,  which 
prevented  the  tide  ebbing  out  to  its  usual  extent,  so  that  the  platform  and  piles 
were  seldom  seen  except  when  the  wind  shifted  to  the  west,  and  oftentimes 
when  it  did  it  was  for  so  short  a  period,  thai  little  could  he  done  before  the 
return  of  the  flood.  Under  these  circumstances,  as  it  was  evident  that  if 
iavourable  winds  were  wait*^d  for  much  time  would  be  lost,  it  was  determined 
to  remove  the  platfonu.  Tliis  having  been  removed,  a  Mooden  cyhnder,  9 
feet  diameter,  and  9  feet  long,  was  made  of  3-inch  deal  battens,  firmly  keyed 
and  hooped  together,  the  lower  end  being  sliaped  like  a  sheet  pile,  and  shod 
with  iron.  This  cylinder  was  lowered  over  one  set  of  three  piles,  and  loaded 
sufficiently  to  cause  it  to  sink  tlirough  the  soft  mud  of  the  shore,  when  it  was 
driven  into  the  hard  ground.  The  water  was  then  pumped  out,  and  the  mud 
removed  low  enough  to  enable  the  workmen  to  reduce  the  heads  of  the  piles  to 
a  imiform  level  by  chipping,  so  that  the  bases  of  the  columns  were  fitted  down 
to  the  to|Ts  of  tlie  piles  metal  and  metal,  and  this  operation  was  repeated  as 
often  as  required.  But  the  piles  were  found  to  have  been  driven  witli  such 
accuracy,  that  not  more  tlian  six  required  chipping,  and  the  greatest  variation 
did  not  exceed  ^  of  an  inch. 

wdclurn"?  When  the  pile  heads  of  each  set  were  adjusted,  a  cast-iron  plftte, 
connecting  the  three  piles  together,  called  the  adjusting  plate,  was  firmly  keyed 
on  immc<liately  below  the  top  of  the  piles  (Plate  IV.)  The  columns  were 
then  fitted  down  to  the  adjusting  plate  hy  2  J-inch  screw-bolts  through  flanches 
at  the  bottom.  1'hc  holes  in  these  flanches  were  a  Uttle  elongated,  so  as  to 
allow  of  the  columns  being  slightly  sliifted  and  fixed  in  their  true  position 
(Plate  IV.)  Upon  the  columns  rest  the  deep  bearing-beams  which  support 
the  superstructure.  These  bearing-beams  are  screwed  together  at  tlie  comers 
by  l-J^-inch  screw  bolts,  and  fastened  by  bracket  flanches  to  the  capitals  of  the 
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columns;  on  their  upper  sides  are  flauches  on  which  the  floonug  of  tlie  T  head 
is  laid.  The  columns  oftheT  head  are  tied  togetlier  at  alwut  one-third  of  their 
height,  by  timbers  fastened  to  bracketted  flanches  on  tlie  columns.  On  these 
timbers  are  supported  tlie  frames  for  the  stairs  in  the  T  head.  The  details  of 
the  adjusting  Plate,  the  columns,  the  deep  b<?aring-pieces,  and  the  stairs,  are 
fully  shewn  in  the  accompanying  Plates. 

iw^.  Upon  each  of  the  columns  of  the  promenade  rests  a  cast-imn  rib 
40  feet  in  length ;  each  arch  is  composed  of  two  of  these  ribs,  secured  together 
at  the  centre  by  1^-inch  screw  bolts  and  nuts.  The  whole  structure  consists 
of  four  such  arclies,  kept  apart  at  their  proper  distances  by  means  of  distance 
pieces  (Plate  VI.),  nicely  fitted  tu  the  ribs,  and  secured  by  1 J -inch  screw 
bolts.  The  ends  of  the  ribs  next  the  quay  are  secured  by  means  of  a  square 
Handled  piece  built  into  the  wall,  and  by  hold-down  bolts;  four  horizontal  and 
vertical  holes  being  made  through  the  springing  of  the  land  arch,  for  this  pur- 
pose. The  ril^s  at  the  other  end  of  tlie  promenade^  form  part  of  the  T  head,  as 
well  as  one-half  of  the  arch,  and  are  secured  to  the  columns  and  deep 
bearinsi-bcams.  The  diffeivnt  portions  of  the  iron-work  of  the  arches,  and 
superstructure  of  the  T  head,  were  fitted  together  in  a  tenqiorary  manner  at 
the  iron-foundry,  and  when  it  came  to  be  fixed  upon  the  columns,  scarcely 
any  chipping  was  found  necessary ;  indeed,  many  of  the  holes  in  the  capitals 
of  the  columns  were  drilled  from  the  dimensions  of  the  working  drawings,  and 
found  to  correspoiul  with  the  holes  in  the  flanehes  of  the  deep  open  beams. 

''"sllSlrStl"*."'^  'The  top  edge  of  the  arches  of  the  deep  Ijearing-beams  of  the 
T  head  being  jx-rfectly  level,  tlie  wooden  flooring-beams  were  laid  on  the 
fiancbes,  and  screwed  down  by  1-inch  screw  bolts.  Thesttiirsofthe  T  head  are 
supported  in  iron  frames  resting  on  the  two  pieces  fixed  to  the  ilanches  on  the 
columns.  Oak  steps  are  laid  on  the  ilanclies  of  these  frames,  and  screwed 
ilovn  with  J-inch  counter-sunk  bolts  and  screws.  The  bottom  and  top  of 
these  iron  frames  are  secured  to  their  respective  Ijearing-timbers,  and  to  the 

side  of  the  columns. 

T^ie  promenade  and  T  head  are  surrounded  by  a  cast-iron  fence,  the  small 

pillars  of  which  are  half  an  inch  in  thickness,  and  the  longer  pedestals  |ths 

of  an  itch,  all  having  flanehes  at  the  bottom  for  fixing  them  p>erpendicularly 

and  true,  one  witli  the  other,  in  every  direction,  by  means  of  ^-inch  screw 

lK>lts  and  nuts.     Through  the  small  pillars  are  cast  3  holes  3  iiiches  deep,  and 

-|ths  of  an  inch  wide,  to  admit  the  horizontal  fence-bars  of  wrought-iron  to 
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pass  at  the  back  of  the  diagonal  braces,  which,  as  well  as  the  handrail,  are  of 
Merael  timber.  The  awnings  at  the  east  and  west  ends  of  the  T  heads,  are 
supported  by  six  ornamental  columns,  each  an  entire  casting  ^ths  of  an  inch 
thick,  and  screwed  down  by  eight  1  ,V-inch  screw  bolts  and  nuts. 

The  bearing-timbers  forming  part  of  the  cornice  round  the  exterior  and 
interior  of  the  T  head,  and  on  each  side  of  the  promenade,  over  the  arches  to 
tlie  quay  wall,  are  6  inches  deep  and  12  inches  wide.  Tliese  timbers  are 
secured  to  the  cast-iron  work  with  ^inch  screw  bolts  and  nuts  passing  through 
the  cast-iron  flanches  for  fixing  the  coniicc.  From  the  centre  of  tlie  T  head  to 
the  termination  of  the  promenade,  run  longitudinally  five  bearing-timbers, 
secured  nine  inches  into  the  quay  wall,  and  to  their  respective  flanches  by 
•J  screw  bolts  and  nuts.  The  whole  area  of  the  promenade,  and  of  the  T  head, 
is  then  covered  with  4-inch  Memel  plank,  in  proper  lengths  for  breaking 
joint ;  a  plank  at  every  ten  feet  apart  extending  the  entire  width  of  the 
promenade. 

The  framing  of  the  roofs  of  the  awnings  and  the  turrets  are  shewn  in  the 
drawing  (Plate  VI.);  the  acroteria  forming  the  ornaments  or  tiles  at  the  top 
of  the  cornice  are  of  cast-iron,  and  firmly  screwed  to  the  cornice..  The  roo& 
of  the  awnings  and  turrets  are  covered  with  copper  16  oz.  to  the  foot. 

LiRhihouw.  Long  after  the  plans  had  been  matured,  and  the  castings  made,  it 
was  determined  to  have  a  cast-iron  column  to  exhibit  anight-light  (Plate  III.) 
This  column  is  situated  at  the  centre  of  the  pier  on  the  line  of  juncture  of 
the  promenade  with  the  T  head.  It  is  30  feet  in  height,  3  feet  in  diameter 
at  the  bottom,  and  2  feet  6  inches  diameter  at  the  top.  It  has  a  staircase  in 
the  centre,  and  was  cast  in  three  pieces.  Tlie  lantern  is  glazed  with  red  glass, 
and  lighted  by  gas. 


ON    THE    GRAVESENI)    PIER.  255 

DESCRIPTION  OF  THE  PIATES. 
Plate  I. 

A  general  plan  of  the  approaches  and  site  previous  to  the  erection  of 
the  pier,  shewing  the  town-wall  and  quay ;  the  stairs  and  bridge,  or  jetty, 
leading  down  to  the  river;  quoting  the  distances  from  the  town  and  quay 
wall,  and  the  depths  of  water  at  different  points,  at  low -water  of  spring-tides. 

Sections  on  different  lines  of  the  plan,  shewing  the  levels  and  deptlis  of 
soil  and  water  with  reference  to  low-water  spring-tides. 

Scales,  shewing  the  rise  of  the  tide  at  Gravesend  pier,  and  at  the  entrance 
lock  of  the  Thames  and  Medway  Canal. 

A  general  plan  of  the  foundations  of  the  new  Pier ;  shewing  the  founda- 
tions next  to  the  quay-wall,  and  tlie  bolt-holes  for  fastening  the  frame-work 
to  carry  the  steps  leading  from  the  watermen's  causeway  to  the  quay.  Also 
the  seven  other  foundations  for  the  iron  framings  which  support  the  causeway. 
On  the  first  foundation  wall  is  shewn  in  section  the  iron  framing;  the  others 
only  shew  the  bolt-holes.  TIic  foundations  of  the  columns  of  the  promenade. 
Tlie  frame-work  for  fixing  the  piles,  the  guide-plates  being  shewn  on  one  half, 
and  the  piles  on  the  other  half.  The  longitudinal  section  of  the  foundations, 
and  a  section  of  the  columns  and  piles,  and  tlie  temporary  frame-work, 

Plate  II. 

Side  elevation  and  general  plan  of  the  pier. 

Side  and  end  elevation,  and  plan  and  dimensions  of  the  half  ribs  wiiich 
form  the  tie  with  the  quay-wall.  This  is  bolted  down  to  the  foundation-plate 
in  the  quay-wall  by  vertical  and  horizontal  bolts  (see  p.  253),  the  former 
of  which  is  shewn  at  the  end  of  tlie  flanch  in  the  elevation. 

Elevation  of  the  half  rib,  forming  part  of  T  head.  At  A,  B,  C,  are  the 
distance  pieces,  the  details  of  which  are  given  in  Plate  V.  At  A  is  shewn  the 
unior.  of  two  ribs  at  the  centre,  the  bolts  passing  through  tlie  transverse 
pieces.    At  D  is  the  end  of  the  deep-bearing  beam  of  tlie  T  head. 

Elevation  of  a  half  rib  and  column  of  the  promenade,  shewing  the  bolts  of 
the  distance  pieces. 
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Plate  III. 
The  river  front. 

Plate  IV. 

Details  of  the  columns,  piles,  guide  plates  and  adjusting  plates,  with  the 
dimensions. 

Details  of  the  deep-bearing  beams,  forming  the  T  head.  The  situation  of 
these  in  the  plan  of  the  structure  is  shewn  by  A,  B,  C,  in  Plate  VI. 

Details  of  the  steps  at  T  head.  The  columns  on  the  plan  of  the  steps, 
marked  e,  d,  g,  k,  are  those  referred  to  by  the  same  letters  in  Plates 
V.  and  VI. 

Plate  V. 

Details  of  the  distance  pieces,  the  situations  of  which  are  shewn  by  the 
letters  A,  B,  C,  Plate  II. 

Details  of  caps  of  columns  and  deep-bearing  beams  of  T  head.  The 
columns  a,  b,  c,  rf,  e,  f,  g,  A,  k,  are  those  shewn  by  the  same  letters  in  the 
plan  on  Plate  VI.  The  column  k  being  the  lamp  column,  Plate  III.  The 
column  i  is  not  shewn  on  the  plan  Plate  VI.  but  is  one  of  the  columns  of  the 
promenade,  these  being  all  alike.  The  columns  in  the  other  half  of  the 
T  head  occupy  the  same  relative  positions  as  those  here  described. 

Plate  VI. 

Elevation  of  the  awnings,  or  pavilions  and  turrets,  and  details  of  the  wood- 
work of  the  superstructure. 

Plan  of  T  head ;  one  half  shewing  the  manner  of  fastening  the  iron  bearing 
beams  to  the  caps  of  the  columns,  and  the  other  half  the  plan  of  the  timbers 
of  the  floor  resting  upon  the  iron  beams.  A,  B,  C,  are  the  positions  of  the 
bearing-pieces,  the  details  of  which  are  shewn  on  Plate  IV. ;  and  a,  ft,  c,  rf,  e, 
f,  g,  ky  k,  the  positions  of  the  columns,  the  details  of  which  are  given  in 
Plate  V. 


X. — On  the  Action  of  Steam  in  Cornish  Single  Pumping  Engines, 


BY  JOSIAH  PARRBS,  H.  INST.  C.  E. 
Head  June  16th.  1H40. 

Introduction. 
It  is  generally  believed  and  admitted  by  engineers  that  some  economy  is 
derived  from  working  steam  expansively ;  that  is,  by  introducing  the  steam 
upon  the  piston  of  an  engine  at  a  pressure  exceeding  the  force  of  the  resistance 
opposed  to  it — by  stopping  its  further  entrance  into  the  cylinder  at  some 
portion  of  the  stroke — and,  finally,  by  allowing  it  to  expand  to  the  end  of  the 
stroke,  wlien  it  quits  the  cylinder  at  a  pressure  less  tlian  that  of  the  resistance. 

By  the  term,  economy,  is  meant  the  increase  in  the  quantity  of  action, 
which  results  on  the  expenditure  of  a  given  weight  of  water  as  steam,  thus 
applied,  compared  with  the  quantity  of  action  which  results  on  the  same 
weiglit  of  water  as  steam  being  used  unexpansivcly ;  that  is,  at  a  pressure 
throughout  the  stroke  forming  a  constant  equilibrium  with  the  resistance. 

Notwithstanding,  however,  the  length  of  time  which  lias  elapsed  since  the 
principle  of  expansive  action  has  been  practically  applied,  the  amount  of 
economy  obtained  therefrom  still  continues  to  be  disputed,  and  its  ad^'antage 
even  altogether  denied.  The  opinion  still  finds  adherents  that  the  effect  of 
any  given  weiglit  of  water  as  steam  will  be  identical,  whether  it  be  introduced 
into  the  cylinder,  gradually,  at  a  pressure  counterpoising  the  resi.stance,  and 
following  up  the  piston  witli  the  same  pressure  till  the  stroke  be  completed  ; 
or,  whether  it  be  introduced  at  a  higher  elasticity  during  only  a  portion  of  the 
stroke,  and  suffered  to  dilate  to  the  end  of  it.  This  doctrine  is  equivalent  to 
the  assumption  that,  at  the  termination  of  the  piston's  course,  the  cylinder,  on 
both  principles,  must  be  filled  witli  steam  of  tlie  jtressure  of  the  resistance. 
If  such  were  the  case,  the  quantity  of  action  resulting  from  equal  weights  of 
water  as  steam  throughout  a  stroke,  would  necessarily  be  the  same  on  both 
systems,  and  no  economy  could  result  from  the  expansive  principle. 
"•  This,  then,  is  a  question  of  fact,  determinable  by  ascertaining  the  elastic 
force  of  the  steam  when  it  quits  a  cylinder,  and  by  comparing  that  force  with 
the  absolute  resistance  overcome. 
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corauh  syttam  •  Tlic  CoiTiish  eDginecrs  have  constructed  the  largest  sized,  and 
greatest  number  of  engines  on  tlie  expansive  principle.  Tliey  early  adopted 
a  system  which,  in  their  belief,  carried  with  it  practical  proofs  of  its  advantage. 
They  augmented  the  pressure  of  the  steam  in  the  boiler;  they  introduced  this 
steam  into  the  cylinder,  by  opening  the  admission  valve  very  suddenly,  and 
fully,  instead  of  gradually ;  they  intercepted  the  steam's  further  entrance, 
when  but  a  small  portion  of  the  stroke  was  jTcrformed ;  they  used  cylinders 
of  large  cai>acity,  and  caused  the  steam  to  develope  a  considerable  part  of  its 
action  on  the  piston,  whilst  expanding  from  its  initial,  to  its  terminal  elas- 
ticity. 

Perceiving  an  increased  effect  to  he  the  consequence  of  these  methods  and 
contrivances,  the}'  have  apparently  cared  little  about  tlie  theory  of  the  steam's 
action,  or  explanation  of  first  causes.  They  have  contented  themselves,  during 
a  long  series  of  years,  with  referring — as  a  sufficient  refutiition  of  the  opinions 
of  their  antagonists — to  the  evidence  of  the  economy  of  expansive  action, 
afforded  by  the  relative  performance  of  erjual  measures,  or  weiglits  of  coal 
consumed,  according  as  the  steam  was  applied  more  or  less  expansively,  or 
uuexpansively. 

Disbelief  in  the  statements  of  these  practical  men  would  have  loug  since 
vanished,  if  the  consumption  of  water  which  entered  the  cylinders  as  steam, 
had  been  regularly  used,  or  even  occasionally  resorted  to,  instead  of  fuel,  as 
the  standard  of  the  engine's  j)erformance ;  for,  wliilst  the  construction  of  tlie 
engine,  and  application  of  the  ])ower  were  modified,  the  evaporative  product 
from  a  given  weight  of  coal  was  increased:  the  machinery  of  pumps  and 
pitwork  was  also  constructed  on  more  effective  principles.  Thus,  the  pro- 
gressively increasing  performance  of  the  Cornish  engine,  though  in  fact  arising 
from  various  sources,  was  referred,  on  the  one  hand,  solely  to  the  use  of  ex- 
pansive steam,  and,  on  the  other,  set  down  as  unwortljy  of  implicit  faith. 

The  general  trutli  of  the  statements  of  Cornish  duty  has  always  appeared 
to  me  indisputable,  nor  could  1  doubt  the  numerous  facts  reported  by  other 
engineers,  corroborative,  in  a  greater  or  less  degree,  of  the  economy  attributable 
to  tlic  expansive  system.     It  seemed  to  me  that  any  experienced  practical  man 

*  Ad  excellent  engraving  of  Davey*s  engine.  Consolidated  Minos,  from  drawings  by  Mr,  Joim 
Hocking,  appeared  in  llie  "  Aunalcs  dcs  Mines,"  vol.  v.  \Ki4,  u  itii  a  dear  descriplion  of  llie  struclure 
of  its  ^veral  parts  by  M.  Combes.  Iiigenieur  des  Mines.  Tills  is  tlic  only  publiahed  account  of  the 
action  of  a  modern  Cornish  pumping  engine  with  which  I  am  acquainted. 
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was  capable  of  dcterminiuo;  the  Jiead  of  water  against  wliich  an  engine  worked, 
and  of  reducing  it  to  the  terms  employed  in  practice.  Nevertheless,  I  have 
been  at  a  loss  to  account  for  the  greatest  assigned  performances  of  these 
engines.  I  gave  full  credence,  after  a  patient  investigation  of  the  experiments, 
to  the  fact  of  the  stated  effects;  but  was  unable  to  trace  them,  in  the  Idgbest 
range  of  duties  quoted,  solely  to  the  increased  quantity  of  action  obtainable 
fVoni  steam,  expanded  only  to  the  extent  assigned  by  the  reporters  of  the 
experiments. 

SSl^Tu'Sil^.^'Tm;  lentil  very  recently,  the  datji  necessary  for  the  satisfactory 
determination  of  Cornish  ecronomy  remained  unknown,  or  were  not  collected. 
We  possessed  no  record  of  exact  experiments  made  at  any  one  expansive  engine, 
whether  single  or  double  acting,  on  the  quantity  of  water,  in  the  shape  of 
steam,  which  had  passed  through  tlie  cylinder  during  an  observed  number  of 
strokes ;  whence,  alone,  the  relation  which  the  steam's  mean  force  bore  to  an 
ascertained  resistance  could  accurately  be  deduced.  A  knowledge  of  the  duty, 
or  effective  performance  of  an  engine  by  a  given  weight  of  coal  is,  obviously, 
no  criterion  of  the  exp*?nditure  of  power ;  it  sheds  no  light  on  the  steam's 
action  in  the  cylinder ;  nor  do  the  periodical  returns  of  Cornish  duty,  however 
practically  useful,  afford  data  for  determining  the  absolute  resistance  overcome 
by  the  steam. 

uueiT«.iB«irtii..  Mr.  Henwood's  communication  (Trans.  Inst.  C.  E.  vol.  ii.) 
contains,  I  believe,  the  first  published  observations  on  the  quantity  of  water  as 
steam  consumed  by  a  Cornish  single  pumping  engine.  These  were  made 
on  the  Huel  Towan  engine.  The  fact  was  elicited  that  the  steam's  ela.stic 
force  in  the  cylinder  was  far  from  being  uniform  during  tlie  periotl  of  its 
admission,  but  that  it  was  in  a  state  of  expansion  from  nearly  the  beginning 
to  the  end  uf  the  stroke.  This  result  is  manifested  by  the  imlicator  diagram 
obtained  Irora  that  engine.*  A  s-imilar  action  was  denoted  by  the  instrument 
in  several  other  engines  to  which  it  was  applied. 

He  noticed  the  fact  of  the  steam's  elasticity  at  the  end  of  the  working  stroke 
being  unable  to  sustain  tlie  column  of  water;  and  recorded  numerous  quan- 
tities, and  observations,  of  much  interest  and  assistance  in  tlie  present  research. 

With  respect  to  the  determination  of  the  load  of  water,  he  twice  measured 
the  height  of  the  lifts  himself,  and  twice  ascertained  the  whole  water  delivered 

"  This  previously  utinulicfil  jilienomeiiori  ia  referred  by  Mr.  Henwoud  (sec  liis  paper,  p.  5*))  to 
tfac  dnninifthing  ctasucity  in  ibe  boiJer  <twc  Note  ta  p.  272,  also  my  last  paper.  Trans.  last.  C.  E. 

vol,  iii.  p.  61.) 
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by  the  pumps  of  the  Iluel  Towan  engine  to  correspond  with  the  calculated 
quantity  ^vithin  less  than  8  per  cent.* 

FoiMjr  cobmu  oDgiDc.  The  next  engine  for  which  the  consumption  of  water  as  steam 
is  satisfactorily  ascertained  is  the  one  at  the  Fowey  Consols,  whicli  accomplished 
the  greatest  duty  yet  reported.f  The  evaporation  was  not  determined  by  the 
committee  who  conducted  tlie  trial,  but,  subsequently,  by  Mr.  West,  the  maker 
of  the  engine,  in  the  manner  stated  in  my  last  paper  (pp.  62,  63). 

Hoimttutb  «DKiM.  Mr.  Wicksteed's  experiment  on  the  weight  of  water  actually 
delivered  by  the  pumps  of  the  Holmbush  engine,  confirmed  Mr.  Henwood's 
accuracy  at  HuelTowan;  and  as  the  duty  at  Holmbush  .|  nearly  approached 
that  at  Fowey  Consols,  it  afforded  additional  testimony  to  the  authenticity  of 
the  stated  pcrformiuice  of  the  latter  engine.  Mr.  Wickstectl,  unfortunately, 
did  not  ascertain  tlie  exj>enditure  of  water  as  steam  during  his  experiment,  a 
datum  whicli  1  have  supplied,  for  the  purposes  of  this  investigation,  by  as- 
suming a  consumption  based  on  an  equal  evaporation  to  that  effected  at  Fowey 
Consols  and  Huel  Towan,  viz.,  10 '5  lbs.  of  water  converted  into  steam  by 
I  lb.  of  coal. 

Analysis. 

Ti.eii«iTw«.H«im.  The  preceding  results  form  the  subject  of  the  present 
ri|Mirin.rni.»ii.iyi«d.  aualysis,  undertaken  in  the  hope  of  discovering,  from  the 
known  consumption  of  water  as  steam,  the  whole  quantity  of  action  developed 
by  it — its  action,  Ijad  it  been  used  unexpansively — the  precise  value  of  its 
expansive  action — and  the  correspondence  between  the  appreciable  power  and 
effect,  in  each  engine.  The  loads  of  water,  dimensions  of  the  engines,  number 
of  strokes,  consumption  of  water  as  steam,  and  other  necessary  data  are 
resristercd  in  the  annexed  table. 

The  absolute  efl'ect  of  the  steam,  in  these  examples,  is  not  so  readily  de- 
terminable as  the  absolute  power  exerted  by  it.  The  rods  suspended  to  the 
beam  of  a  Cornish  engine  i>erform  the  pumping  or  return  stroke.      Tlieir 

*The  duty  effected  during  Mr.  Kenwood's  experiments  in  1831  waa  81*389  milliuoa.     On  s 
shorter  trial  in  I8:)0  the  duty  was  reported  a«  iYl'liS  millions;  and  in  tK28,  during  a  trial  of  28  houra,  i 
87'^  millions.    The  near  corresjwndence  Iwtween  the  culruUtcd  and  actual  quantity  of  water  dis- 
charged by  this  engine,  has  al&o  heen  ascertained  by  other  experimenters. 

1 125- 089  millions.  For  an  aocount  of  the  trial  of  this  engine  see  "  Lean's  Historical  Statement 
of  the  Steam  Engines  in  Cornwall,"  p.  98. 

X  Ul'^Ob  millions,— See  Mr.  Wieksteed's  paper.  Trans.  Inst  C.  E.  vol  U. 
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weight  must,  therefore,  be  superior  to  the  cohimn  of  water  on  winch  they  act, 
hy  the  amounts  necessary  to  overcome  tlie  friction  of  the  water  in  the  ]>ipc8 — 
to  displace  it  at  the  velocity  of  the  stroke* — to  overcome  the  pitwork  friction 
arising  from  tlie  pumps,  rod-giiides,f  balance  beams,  kc, — and  tlie  friction  of 
the  engine  itself. 

This  mass  of  matter  constitutes  the  solid  weight  raised  by  the  engine,  but 
does  not  e<|ual  the  absolute  resistance  opposed  to  the  st^am.  In  bringing  Imck 
this  weight,  during  the  working,  or  descending  stroke  of  the  piston,  the  steam 
has  also  to  overcome  tlie  whole  amount  of  engine  and  pitwork  friction,  together 
with  the  resistance  from  imperfect  vacuum  beneath  the  piston. 

'SlSiu'lS.liS!  The  absohite  resistance,  therefore,  consists  of  the  weight  which 
performs  the  return  stroke,  plus  the  value  of  engine  and  j)itwork  friction,  and  uf 
the  elasticity  of  the  uncondensed  steam.  Tlie  method  of  correctly  ascertaining 
this  resistance,  which  is  the  steam's  effect,  will  be  shewn  in  the  sequel  (p.  280). 
Of  the  several  component  portions  of  the  total  resistance,  the  water  load 
can  alone  be  termed  a  positively  ascertained  quantity.  This  is  found  by  the 
method  of  taking  the  duty,  and  amounts  for  each  engine  to  the  following  sum  : 


•  Mr.  Henwood'e  paper  Bup)>1ica  lUta  for  dotermining  (he  velocity  of  the  water  in  the  pipea  at 
Hud  Townn.  Th<-  return  stroke  was  performed  in  4 '8  seconds,  and  Uiclcnf^lh  of  stroke  in  the  pumps 
being  8  feet,  the  dlBcliargc  was  effected  at  tlie  rate  of  I '  UfHI  feet  per  Bccond.  or  1  *I3  miles  per  bour- 

Tlie  entire  column  of  water  displaced  at  that  velo<ity  wae  H9D'07  feet  in  hcitiht,  and  tlie  mean 
diameter  of  the  pumps  14'(;23  incheg.  The  pipes  are  usually  larger  than  tlie  pumps,  but  the  Irirtion 
of  the  water  is  orien  preally  tnrrraM'd  in  ilie  lifts  by  incruBtationfrom  mineral  deposits.  Mr.  Henwood 
informed  me  that  he  has  itecn  pipes  of  9-inch  bore  diminished  to  5  inches  from  this  cause. 

Mr.  Moyle,  an  experienced  Cornish  engineer,  has  also  informed  roe  that  he  has  known  pipes  of 
14  inches  bore  reduced  to  12  inches  by  a  coaling  which  consisted  chiefly  of  oxide  of  iron,  mixed 
with  a  liulc  copper,  and  carbonate  uf  lime. 

lam  not  aware  of  any  experiments  made  with  the  view  of  determining  the  head  or  pressure 
requisite  to  force  water  through  pi|)cs  at  different  velocities,  circumstanced  as  mining  pumps  are. 
It  is,  however,  manifest  that  in  order  to  give  a  velocity  of  1*13  milca  (tor  hour  to  a  rolunin  of  water 
000  feel  high,  the  pump  rods,  besides  b*ung  heavy  enough  to  balance  tlie  column,  and  overcome  friction 
of  all  kinds,  must  also  have  a  preponderance  sitffitient  to  drive  the  water  at  the  required  velocity 

Mr.  George  Rennie,  in  hia  Keport  on  Hydraulics,  cites  some  experiments  by  Mr.  Tiorney  Clarke 
to  ahcw  that  "  the  friction  and  resislaiice  of  the  pijK^  to  the  free  motion  of  iJie  water  through  them 
have  been  found  to  be  between  onc-fourih  and  one  Hftli  of  tlie  total  height  of  the  coIumn."^ — Fourth 
Repnrt  qfthe  Briti&h  Assodatinn  for  the  Advana:metU  uf  Science,  p.  416.  TJiis  eeemea  large  consunip- 
tion  of  power  fur  water  friction,  but  the  velocity  of  dischai^e  is  not  stated,  wliich  is  probably  in  most 
cases  greater  in  a  waterwork  than  in  a  mine  engine. 

f'The  rods  of  the  Wheal  Towan  engine  varied  from  14  to  12  inches  si^uare,  and  were  kept  in  their 
places  by  13  seta  uf  guides,  which  exposed  a  surface  uf  about  53*5  square  feet." — Hcnwood, 
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Pet  «f  luiiv  Incli 

on  tiie  iiikton. 

lb*. 

♦11-01  atHuelTowaii. 
9*98  at  Holmbush. 
9  •  26  at  Fowey  Consols. 

Tlie  value  of  the  various  frictions  being;  unascertained,  I  am  compelled,  in  the 
outset  of  the  investif^tion,  to  assume  an  o<|uivaU>nt,  and  have  estimated  them  to 
amount  to  .5 '75  lbs.  per  square  inch  on  the  Huel  Towan  en^ne.  To  this  has 
to  be  added  the  resistance  from  imperfect  vacuum  beneath  the  piston,  whicli  I 
assume  as  1  '25  lb.  per  square  inch ;  forming  a  total  of  7  lbs.  per  square  inch 
in  addition  to  the  water  load. 

As  tlie  otlier  two  engines  were  not  burtliened  with  so  high  a  cohimn  of 
water,  I  have  as.sumed  about  6  lbs.  per  square  inch  for  these  additional  re- 
sistances. 

I  consider  these  amounts  to  l>e  under  "rather  than  overrated,  and  shall, 
subsequently,  offer  evidence,  amounting  to  demonstration,  that  the  steam  had 
to  overcome,  in  the  Huel  Towan  engine,  a  somewhat  greater  resistance  than 
that  now  assigned.  It  will  appear,  too,  that  thougli  the  quantities  set  down 
as  the  value  of  these  surplus  resistances  can  be  considered  only  as  approxima- 
tions, they  will  not  affect  the  accurac}'  of  the  principal  facts  developed  by  the 
analysis. 

The  absolute  resistance  thus  assumed  to  be  overcome  by  the  steam  is — 


oa  Ulr  ])i>tUO. 

18  01   at  Huel  Towan. 
tl6-00  at  Holmbush. 
15*25  at  Fowey  Consols. 

•  Erroneoiialy  printed  10'2  lb«.  in  Mr,  Hrnwood's  paper. 

t  Mr.  Wicksteed  (see  bis  communicntion  previously  quoted,  p.  G4)  lias  estimated  the  "  friction  of 
the  machinery"  of  the  Holmbush  engine  as  equal  to  7' 75  lbs.,  and  the  resistance  from  imperfect 
vacuum  as  l'.W  lb.,  making  U*25  lbs.  per  square  ineh  on  the  piston;  which,  added  to  the  water  load, 
would  bring  the  absolute  rcaiatance  of  tliis  engine  to  19*23  lbs.  It  will,  hereaftpr,  \ie  seen  (note  p.  275) 
tfafti  an  erroneous  datum  of  the  sleam's  density  in  tht^oylintler,  (hiring  its  admission,  led  to  this  estimate. 

The  same  author  citca  "  the  friction  of  a  waterwork  pumping  engine  ss  about  ri'73  lbs.  (Kt  Kjuare 
inch,"  but,  whether  this  sum  includes  the  friction  of  tlie  water  in  the  pipes,  or,  whether  it  is  only  "the 
friclioo  of  the  machinery,"  is  not  staled.  These  amounts  should  be  eeparatcly  determined  by  experi- 
menters- 
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At  its  entrance  into  the  cylinder,  the  steam's  pressure  exceeds  that  of 
the  force  opposed  to  it,  or  the  engine  would  not  stir ;  at  the  termination  of 
the  stroke,  its  pressure  is  reduced  below  that  of  the  resistance,  as  already 
found ;  nevertheless,  the  sum  of  the  forces  operating  throughout  the  stroke 
must  be  sufficient  to  carry  the  piston  to  the  end  of  its  course,  or  it  could  not 
arrive  there. 

The  mass  of  matter  set  in  motion  by  the  steam's  initial  force  on  the  piston, 
acts  the  part  of  a  fly-wheel.  It  first  absorbs  the  excess  of  power  over  the 
resistance,  and  then  faithfully  discharges  it,  by  assisting  to  continue  the 
engine's  motion  during  the  steam^s  expansion,  and  consequent  diminishing 
force,  below  the  pressure  of  the  resistance.  But  this  mass  of  matter  jjossesscs 
no  power-creating  virtue  ;  it  merely  husbands  at  one  period  of  the  stroke, 
and  restores  at  another,  that  force  which  has  been  given  to  it ;  it  exerts  no 
power  of  its  own. 

From  a  due  consideration  of  the  origin  and  destruction  of  the  momentum 
arising  from  this  source,  it  is  evident  that  the  effect  of  a  given  weight  of  water 
as  steam,  consumetl  during  a  stroke,  will  be  the  same,  whetlier  that  steam  be 
regarded  as  having  l>een  all  enclosed  i)etween  the  piston  aud  cylinder  cover, 
liefore  the  piston  were  permitted  to  move,  when  it  would  expand  nearly 
uniformly  from  the  l»eginning  to  the  end  of  the  stroke;  or,  whether  it  be 
considered  as  having  Ijeen  admitted  during  a  portion  of  the  stroke,  at  some 
pressure  greater  than  the  resistance,  and  then  expanded  througli  the  remainder 
of  the  stroke. 

But,  the  value  of  expulsion  consists,  virtually,  in  the  quantity  of  action 
derived  from  the  steam,  after  it  forms  an  equilibrium  with  the  resistance. 
This,  then,  is  the  first  point  to  be  a.^certained.  By  investigating  the  steam's 
action  on  this  plan,  that  is,  by  tracing  it,  first,  through  the  space  of  the  cylinder, 
or  portion  of  the  stroke  |)erformod,  wlien  it  would  barely  balance  the  resist- 
ance ;  and,  secondly,  through  the  space  during  which  it  suffered  expansion 
below  that  pressure,  a  true  measure  of  the  respective  and  total  ([uantitiea  of 
action  developed  by  it,  unexparisively  and  expansively,  will  be  obtained.  This 
is  the  only  analytical  jiroeess  which  can  detect  the  quantities  sought,  for  we  are 
uninformed  either  of  the  steam's  mean  elastic  force  during  the  term  of  its 
adinissiou  into  the  cylinder,  or,  of  the  exact  ])eriod  of  the  stroke  at  which  its 
further  admission  was  stopped. 

The  portion  of  the  stroke  at  which  the  steam's  pressure  equalled  that  of  the 
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resistance,  is  discoverable  by  the  method  of  tlie  volumes;  for,  the  volume  of 
water  composing  the  steam  within  the  cylinder  being  known,  the  volume  which 
the  steam  must  occupy,  in  order  to  balance  the  resistance,  is  also  known ;  and 
the  increment  of  the  stroke,  wliich  gives  the  necessary  capacity  to  the  cylinder, 
is  found  from  the  ratios  which  the  volumes  of  steam  and  water  must  bear  to 
each  other  for  the  required  pressure. 

It  results  that,  when  tlie  pistou  of  the  Huel  Towan  engine  had  passed 
through  50'70  out  of  120  inches  (Apjjendix,  *2),  which  was  its  total  length  of 
stroke,  the  steam's  elastic  force  and  tlie  resistiuice  counterpoised  each  other. 
The  equilibrium  was  established  in  the  ilolmbush  engine  at  32*26,  in  a  stroke 
of  109  inches;  and  in  the  Fowey  Consols  at  33'78,  in  a  stroke  of  124  inches. 

It  is  thus  manifest  that,  at  these  respective  portions  of  the  strokes  of  the 
three  engines,  the  steam,  if  used  unexpansively — that  is,  if  admitted  gradually, 
at  the  pressure  of  the  resistance — would  have  done  its  utmost,  and  the  engines 
would  have  come  to  rest;  yet  there  remained  69*30  inches  in  tl»e  first  engine, 
76 '73  inches  in  the  second,  and  90*22  inches  in  the  third,  of  the  entire  stroke 
to  be  accomplished.  These  last  portions  were  performed  during  the  steara*8 
expansion  from  an  elastic  force  equal  to  the  resistance,  to  the  elastic  force  it 
possessed  at  the  end  of  the  stroke. 

It  is  through  these  portions  of  the  stroke  that  the  expanding  steam  is 
assisted  by  the  discharge  of  the  momentum  traiisferred  to  the  mass  by  the 
excess  of  the  steam's  force  over  the  resistance,  during  the  period  intervening 
between  the  instant  of  its  entering  die  cyUnder,  and  the  instant  when  its  elas- 
ticity falls  below  the  resistance.  The  value  of  this  temporary  excess  offeree 
forms  part  of  tliat  attributed  to  the  expanding  steam,  as  no  expansion  could 
have  taken  place  below  the  line  of  equilibrium  between  the  acting  and  opposing 
forces,  but  for  the  momentum  husbanded  and  restored.  (App.  10,  Obs,) 

The  spaces  through  which  the  pistons  were  urged  by  virtue  of  the  action 
of  an  elastic  force  equal  to  the  absolute  resistance,  and  less  than  the  absolute 
resistance,  being  thus  separately  ascertained^  the  quantities  of  action  derived 
from  each  are  shewn  by  the  dynamic  effect  produced — that  is,  by  the  numljer 
of  pounds  raised  one  foot ;  and  this  result  is  obtaiued  by  multiplying  the 
pressure  on  the  piston,  by  the  number  of  feet  through  which  it  travelled. 
The  pressure  used  in  computing  the  effect  during  the  expansive  portion  of  the 
stroke  is  the  mean  of  the  steam's  elasticity  at  the  commencement  of  useful 
expansion,  and  at  the  termination  of  the  stroke. 

VOL,  III. —  PART  IV.  o    o 
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Abwlol*  powtTor  tiia 
*H*m  c0a|«redwUli  the 


By  adding  together  these  unexpausive  and  expansive  eflects 
we  obtain  the  whole  effort  of  the  steam,  in  terms  oi*  weight 
raised  one  foot ;  which,  being  divided  by  the  length  of  stroke  in  feet,  gives  the 
mean  load  of  st-eam  upon  the  piston  throughout  the  stroke;  and  this  sum, 
divided  by  the  area  of  tlic  piston,  gives  the  mean  pressure  in  pounds  per  square 
inch  exerted  by  the  steam  tiiroughout  t)ie  stroke. 

A  precise  comparison  is  thus  arrived  at  between  the  pressure  of  the  steam 
on  tlie  pistons,  and  that  of  the  resistance  opposed  to  it :  and  it  results  that  the 
steam  ]>ossesscd  a  mean  force,  reckoned  throughout  the  stroke,  of — 


P«T  *i|iuf>*  inch 

UB  th«  piiUin. 

Ita. 


14-85  at  Huel  Towan.  (App.  8.) 

11  '47  at  Holmbush. 

1 1 '  13  at  Fowey  Consols. 

Whereas,  as  before  shewn,  the  resistance  to  be  overcome  required — 

Pm  M|a>n  tncb 
«■  UiB  )tbioD. 

llM. 

18*01  at  Huel  Towan, 
16 "00  at  Holmbusli. 
15*25  at  Fowey  Consols. 

Wliicli  exhibits  a  deficiency  of  power  throughout  the  stroke,  of — 

Frt  MjuaTn  Inch 

VII  Uk  iii.'biu. 

lb*. 

3-16  at  Huel  Towan.  (App.  9.) 

4-53  at  Holmbush, 

4' 12  at  Fowey  Consols. 

Diietnoyorpwer.  The  rcsults  obtained  at  tliis  stage  of  the  investigation  demon- 
strate that  the  mean  force  of  the  steam,  in  the  cases  under  review,  was  unable 
to  overcome  the  resistance ;  they  present  to  us  the  seeming  paradox  that  tlie 
lighter  weight  has  raised  the  heavier  one.  But,  we  know  that  a  force  equivalent 
to  the  resistance  must  have  operated  throughout  the  stroke,  or  motion  would 
not  have  continued. 

How  is  it  then  that,  in  these  instances,  the  steam's  force,  which  may  be 
termed  the  lighter  weight,  has  actually  counterbalanced  the  resistance  and 
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raised  the  heavier  weight  ?  In  this  consists  tl»e  seeming  paradox.  To  attempt 
its  explanation  by  saying  that  such  an  effect  can  be  produced  by  the  steam's 
mere  expansive  action,  is  to  use  words  of  no  meaning ;  for  steam,  in  tlie  act  of 
dilatation,  diminishes  in  elastic  force ;  and  the  absolute  effort,  exerted  by  virtue 
of  the  stejiin's  initial  |)rcssure,  and  subsequent  expansion,  can  only  amount  to 
that  of  its  mean  pressure  reckoned  througliout  the  stroke  ;  and  this  has  already 
been  proved  to  be  far  unequal  to  the  ett'ect.  It  would  be  necessary  to  prove 
that  steam  gained,  instead  of  lost  elastic  force,  during  the  act  of  dilatation,  in 
order  to  account  for  the  entire  performance  of  the  engine,  in  these  instances,  by 
expansion  alone. 

it  was  the  glimpse  I  had  obtained  of  this  deficiency  of  power — of  this 
apparent  discrepancy  between  cause  and  effect — which  induced  me  to  desist, 
when  writing  my  last  paper,  from  any  attempt  to  illustrate  the  action  of  steam 
in  Cornish  engines.  The  materials  for  the  analysis  were  therein  given,  and  the 
data  now  employed  furnished  to  those  who  might  be  disposed  to  investigate 
them.  The  subject  seemed  to  me  worthy  of  an  examination  distinct  from  the 
matters  then  treated  of,  and  to  require  for  its  elucidation  much  patient  thought 
and  research  ;  for,  unless  a  power  could  be  discovered  to  have  acted  commen- 
surate with  the  effect  produced,  no  other  alternatives  presented  themselves 
to  my  mind,  than  a  rejection  of  the  data  as  erroneous,  or  the  l)elief  that  the 
received  theory  of  steam  was  insufficient  to  explain  its  action. 

With  regard  to  the  data  of  power,  there  seemed  to  me  much  greater  reason 
to  suspect  some  excess  in  the  consumption  of  water  as  steam  assigned  by  the 
experimenters,  than  the  contrary;  for  the  evaporation  cited  from  a  given  weight 
of  coal  is  tlie  greatest  on  record.  TIic  steam  is  also  assumed  to  have  been 
strictly  pure ;  every  particle  of  tlie  water  evaporated  is  presumed  to  have  acted 
as  force ;  no  loss  of  any  kind  is  allowed  for.  Doubt  could  not  be  entertained 
as  to  the  dimensions  of  the  engines,  nor  as  to  the  number  of  strokes  made  by 
them  during  the  observations  ;  neither  could  suspicion  of  any  material  error 
attach  to  the  elasticities  deduced  from  the  relative  volumes  of  steam  and  water 
consumed. 

With  respect  to  the  approximate  datum  of  absolute  resistance,  I  felt  assui^ed 
— from  a  cofisideration  of  the  peculiar  circumstances  under  which  these  engines 
work — from  analogy — and  from  certain  phenomena,  to  be  hereafter  explained 
— that  the  sum  assumed  as  the  basis  of  calculation  was  below,  rather  than 
above,  the  amount  of  absolute  resistance  op]>o&ed  to  the  steam. 

o  o  2 
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The  dikmina  was  perplexing,  but  I  felt  animated  in  the  further  investi- 
gation of  this  mysterious  discordance  between  the  appreciable  power  and  eftect, 
by  the  reflection  that,  like  the  celebrated  hydrostatic  paradox,  the  problem 
miglit  admit  of  solution;  and  that  some  new  liglit  iniglit  be  shed  upon  the 
science  of  tlie  engine.  I  was  thus  finally  led  to  doubt  the  sufficiency  of  the 
ordinary  theory  to  account  for  the  whole  jjower  exerted  by  steam,  and  was 
induced  carefully  to  examine  its  action  under  the  peculiar  circumstances  of 
its  application  to  Cornish  engines,  in  the  hope  of  discovering  the  force 
which  made  up  the  complement  of  power  ncccsBarily  exerted  in  overcoming 
the  resistance. 

1  will  now  proceed  to  develope  the  opinion  I  have  formed  on  this  subject, 
together  with  the  facts  and  arguments  in  support  of  it. 


Theory  of  the  Steam's  Action. 

Steam,  in  its  action  on  the  piston  of  an  engine,  has  hitherto  been  consi- 
dered as  simply  exerting  elastic  force. 

'^'^of  awm*^^  Steam,  Iiowever,  possesses  another  important  property,  equally 
inherent  in  its  nature  with  pressure  and  expansibility.  This  propertj"  is  the 
velocity  and  consequent  momentum  due  to  steam  of  liigh  elasticity ;  a  force 
which  comes  into  play  under  the  peculiar  conditions  of  a  Cornish  engine. 
The  velocity  of  steam,  in  passing  from  a  dense  into  a  rarer  medium,  is 
immense ;  and  the  momentum  of  this  steam  must  be  very  considerable.  On 
the  sudden  and  free  communication  effected  between  the  cylinder  and  Ixjiler 
of  a  Cornish  engine,  the  steam  in  the  cylinder  receives  an  instantaneous 
action,  proportionate,  in  amount,  to  the  velocity  of  the  entering  steam ;  and 
this  action,  by  the  property  of  fluids,  is  transmitted  to  the  surface  of  the  piston. 
This  action,  thus  transmitted  to  the  piston,  and  due  to  the  communication 
suddenly  established  between  the  highly  elastic  steam  in  the  boiler,  and  the 
steam  in  the  cylinder,  may  be  likened,  I  conceive  with  great  propriety,  to  the 
force  of  j>ercussion ;  by  which  term  I  propose  to  distinguish  it  from  the  action 
of  the  steam's  simple  elastic  force* 

It  will  accordingly  be  found,   as  I  proceed  in  the  investigation,  and  reveal 

•  The  force  which  I  have  expressed  by  tlie  term  perruaaion  «il!,  perhaps,  be  rendered  clearer  In 
aome  readers  by  the  use  of  a  comparison.  Tlic  pile-driving  machine  illustrates  the  action  of  steam 
*rhcn  suddenly  and  fully  let  upon  a  piston,  as  it  is  in  llie  Cornish  engine.    The  monkey  strikes  the  pile 
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le  quantity  of  action  derived  from  this  unsuspected  source,  that  the  most 
economical  of  the  three  engines  is  tlie  one  in  which  this  action  has  been  most 
fully  and  dexterously  applied.  It  will  also  distinctly  ap|>ear  that  the  degree 
of  useful  expansion  mainly  depends  on  the  amount  of  percussive  action  realized, 
not  on  the  degree  of  the  steam's  nominal  expansion,  as  usually  calculated  from 
tlie  period  pf  the  stroke  at  which  the  admission  valve  is  closed. 

'STTf'Ktcuwue  AeC  The  dynamic  effect,  or  quantity  of  action,  due  to  percussion, 
is  discoverable,  and  assignable  for  each  example.  It  may  be  measured  bv  the 
length  of  stroke  performed  by  its  sole  influence — by  its  separate  value  through- 
out the  expansive  portion  of  the  stroke — or  by  its  value  throughout  the  entire 
stroke. 

The  mean  elastic  force  of  the  steam,  during  its  expansion  in  the  cylinder, 
from  the  line  of  its  equilibrium  witli  the  resistance,  to  tlie  end  of  the  stroke, 
was — 

F«r  ■qosn  Ineb 
OBtlw  pbtoa. 

12-55  at  Hiiel  Towan.  (App.  6.) 
10-30  at  Holmbush. 
9 '  60  at  Fowey  Consols. 

During,  therefore,  this  usefully  expansive  portion  of  the  stroke,  the  steam's 
simple  elastic  force,  compared  with  the  resistance,  was  in  deficiency  by  the 
following  amount,  viz. — 


pit  minuM  inrli 
011  ttie  pliton. 

ItM. 


Inebea. 


5-46  through  69 '30  at  Huel  Towan.  (App.  9.) 

5-70        „         76  •  73  at  Holmbush, 

5  •  65        „        90 '  22  at  Fowey  Consols. 

head  witli  a  force  as  much  greater  than  that  of  its  siniplc  weight  as  is  due  to  ita  velocity  at  iha  instant 
uf  impart. 

Tlie  force  resuItinR  from  the  motion  of  fluids,  as  in  the  hydraulic  ram,  illustrates  my  mcauiug 
E^jually  with  the  ])ile -driving  machine. 

I  have  adopted  the  lenn  percussion,  though  usually  applied  only  to  solids,  an  the  most  apjfropriale 
and  aiKnificant  I  can  use ;  but.  Ibough  aaauminR  identity  of  chararter  in  the  force,  I  am  far  from 
intendine^  to  convey  the  idea  of  equality  in  the  effect  derived  from  the  motion  cither  of  solids,  or  fluids, 
and  Uiat  of  an  aeriform  clastic  fluid  like  steam. 

It  forms  no  part  of  my  task  to  investigate  the  abstract  question  of  the  quantity  of  this  species  of 
force  to  be  obtained  from  steam  ;  my  present  piir{K>&e  is  confined  to  the  determination  of  the  effect 
attributable  to  it  in  the  three  engines  subjected  to  analysis. 
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These  sums  represent  the  amount  of  aid  given  to  tlie  expanding  steam  by 
the  disc'iiurge  of  the  momentum  originally  impressed  on  tlie  mass  of  pump 
rods,  &c.  by  the  steam's  percussive  action. 

We  have  now  the  means  of  finding  the  space  through  which  the  pistons 
were  carried  by  the  sole  influence  of  the  percussive  action  ;  for,  by  the  fore- 
going method  of  treating  the  subject,  the  elastic  force  of  tlie  unexpansive  and 
expansive  steam — the  spaces  through  witich  tliese  forces  acted — and  the  defi- 
ciency of  the  expansive  force  to  complete  the  stroke,  are  known.  The  influence 
of  the  percussive  action,  therefore,  is  producible  in  terms  of  the  portion  of  the 
stroke  performed  by  it ;  for  the  proportion  of  what  1  have  termed  the  expan- 
sive stroke,  really  efiected  by  the  steam  whit;h  entered  the  cylinder,  is  as  the 
ratio  between  the  whole  pressure  required  to  overcome  the  resistance,  and  the 
mean  pressure  of  tlie  expanded  steam :  and  it  results  that  the  deficiency  in  the 
steam's  expansive  force  to  complete  the  stroke  was  equivalent  to — 


]  achtm  of  th« 
■ttoka. 


21-01  at  Huel  Towan.  (App.  10.) 
27-33  at  Holmbush. 
33-43  at  Fowey  Consols. 

The  pistons  were  driven  through  these  spaces  by  the  force  of  percussive 
action  alone,  for  the  steam's  simple  elastic  force  was  capable  only  of  carrying 
the  entire  load  through — 


ItKltMofthe  ilroko. 


Toul  IvDgib  of  ui«k«. 


98-99  at  Huel  Towan,  out  of  .    120.  (App.  10.) 
71-67  at  Holmbush,  out  of.     .    109. 
90*57  at  Fowey  Consols,  out  of  124. 

Tliis  final  result  may  appear  startling,  and  I  confess  that  when  it  flashed 
across  my  mind,  as  a  truth,  that  some  portion  of  the  stroke  must  have  been 
performed  without  any  expenditure  of  steam,  I  was  myself  startled,  and  set 
about  investigating  the  problem  with  great  doubts  of  being  able  to  detect,  and 
assign  tl»e  quantity  of  action  which  it  seemed  to  me  could  only  be  attributed 
to  the  impact  on  the  piston,  on  the  sudden  opening  of  the  admission  valve. 

^.i'iiXwjM'Jliu!  ^^"f  lt;t  us  consider  under  what  circumstances  the  engine  is 
when  steam  is  admitted  on  its  piston.  A  complete  stroke  has  been  performed 
— the  engine  has  been  brought  to  rest  by  the  resistance  of  a  cushion  of  steam 
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imprisoned  between  the  piston  and  cylinder  cover — a  vacuum  is  formed  beneath 
the  piston — the  pressure  of  this  cushion  of  steam,  togetlier  with  that  of  the 
column  of  water  ap^ainst  the  phin^ers,  then  sustains  the  entire  weight  which 
operated  to  perform  the  return  stroke.  In  this  state  of  things,  a  communication 
is  suddenly  and  freely  opened  l>ctween  the  cylinder,  and  boiler,  tlie  elasticity 
of  the  steam  in  the  latter  being  five  or  six  times  greater  than  in  the  former. 
The  piston  is  free  to  move  with  a  comparatively  slight  increase  of  insistent 
pressure,  and  must  necessarily  feel,  for  an  instant,  percussion ;  it  is  impelled 
by  a  blow  inflicte<l  upon  it  by  the  momentum  of  the  entering  steam.  The 
piston,  therefore,  is  started  by  this  sudden  action,  and  there  is  no  equal  force 
to  follow,  for  the  steam's  further  influx  into  the  cylinder  is  not  only  retarded, 
but  its  force  is  diminished  in  intensity  by  its  passage  through  the  throttle- 
valve,  and  bv  other  causes.* 

JjTiirJiV.Sr-w^'S  Mr.  Kenwood's  indicator  diagram  distinctly  exliibits  the 
action  I  have  just  explained.  Had  not  this  transcript  of  the  piston's  move- 
ments, and  of  the  steam's  elasticity,  been  taken  at  the  same  time  that  its  con- 
sumption was  jiscertained,  I  might  have  failed  to  convince  either  myself  or  others 
of  the  confonnity  of  this  theory  with  truth.  That  the  piston  has  received  an 
almost  instantaneous  impxilse,  and  greater  than  the  force  of  the  pursuing  steam, 
is  made  evident  by  its  retiring  faster  than  the  steam  can  follow  with  equal 
force.  The  diagram  assures  us  that  the  piston  has  scarcely  movetl  before  the 
steam  begins  to  dilate  within  the  cylinder ;  it  shews  that  a  void  is  more  quickly 
created  by  the  piston's  velocity,  than  the  continually  entering  steam  can  fill 
up  at  an  uniform  density.  Were  not  this  the  fact,  the  diagnim  Avould  exhibit 
an  uniform  pressure  of  steam  from  the  first  instant  of  its  admission  till  the 
instant  of  cutting  it  off;  for  it  must  be  borne  in  mind  that  the  admission  valve 
remains  wide  open  during  that  jwjriod,  and  that  if  the  piston  moved  only  in 
obedience  to  the  simple  elastic  force  of  the  steam,  its  velocitj^  would  be  uniform 
during  the  entire  interval  of  communication  between  the  cylinder  and  boiler. 
Mr.  Henwood  has  given  data  which  will  assist  in  making  some  approxi- 

•  The  throllle-valve  in  the  gwemor  of  xhc  eiigincs  under  conaideraUoii.  lla  posittou  is  betweou 
iJie  Bteam-vftlvc  and  bailor.  The  sieam-valve,  oiu'C  set,  works  fur  weeks  anil  months  williuut  any 
alteration  bcins  made  in  its  lift,  or  in  the  duration  of  its  ai>ei)ing.  The  tlnottle-valve  requires  and 
rcccivcB  coatinual  adjuBlmenl ;  it  is  always  opou,  but  it«  aperture  is  so  regulated  as  to  wire-draw  the 
steam  more  or  less  as  the  pressure  rises  or  falls  in  the  boiler.  By  this  arrangement  the  8leam>valve 
determines  the  (|uantity.  and  the  thml tie-valve  the  elasticity  of  the  steam  admitted  on  the  piston.  In 
otbcr  Cornish  engines  the  throUle-valve  is  not  uacd,  and  the  engine  is  regulated  by  tlic  lift,  and 
duration  of  tlie  opening  of  the  steam-valve. 
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mation  to  the  velocity  of  the  steam's  influx  into  the  cylinder  of  the  Htiel  Towan 
engine.  The  duration  of  the  working  stroke  was  1*6  second;  the  steam's 
influx  was  stopped  at  about  0  •  22  of  the  stroke,  which,  on  tlie  supposition  of  an 
uniform  rate  of  motion  by  the  piston,  was  efl^ected  in  about  one-third  of  a  second. 
In  this  time  a  mass  of  steam  forming  76  cubic  feet,  and  weighing  6*6411)8., 
entered  the  cylinder.  The  area  of  the  valve  was  50  *  26  square  inches,  and  that 
of  the  cylinder,  deducting  the  piston-rod,  4988 '08  square  inches.  These  data 
give  a  mean  velocity  to  the  current  of  steam,  through  the  valve,  of  600  feet 
per  second,  or  400  miles  per  hour. 

But  the  steam's  initial  velocity,  on  the  opening  of  the  valve,  must  have 
greatly  exceeded  this  mean  rate.  Tlie  indicator  diagi-am  shews  that,  from  the 
instant  the  piston  had  travelled  6  inches,  or  had  made  ^th  part  of  the  stroke, 
the  steam  already  within  the  cylinder,  as  well  as  the  steam  still  entering  it, 
underwent  rapid  expansion ;  proving  that  the  piston  moved  faster  than  the 
steam  continued  to  get  into  the  cylinder,  and  maintain  an  elasticity  within  it 
equal  to  that  it  possessed  at  6  inches  of  the  stroke.  The  steam,  in  consequence, 
suffc'red  expansion,  as  shewn  by  the  diaj^am,  during  19  out  of  20  parts  of  the 
piston's  course,  though  it  was  admitted  through  an  unvarying  aperture,  during 
4  out  of  20  parts,  and  the  piston's  velocity  must  have  diminished  with  the 
steam*s  attenuation*  {see  Plate). 

*'or^r.Llr''ac'?i^D!*  Mr.  Kenwood's  paper  afl'ords  me  another  illustration  of  the 
trutli  of  tlie  theory  I  am  attempting  to  develope.  It  is  derived  from  his  obser- 
vation that,  as  the  steam's  pressure  increased  in  the  boilers,  the  temperature 
of  the  water  discharged  by  the  air-pump  diminished.  He  remarks,  "  As  the 
pressure  of  the  steam  in  the  boilers  increased,  the  temperature  of  the  hot  well 

*  The  eteam's  rapid  expansion  duriofs  its  influx  into  the  L7Under  cannot  have  been  caused  by  a 
dimiDiahinK  elasticity  in  the  boilers.  The  steam  reservoir  contained  TOO  cubic  feet  at  a  pressure  of 
64*1  lbs.;  the  quantity  abstracted  per  stroke  beins;  7G  cubic  feet  at  a  mean  pressure  of  ^'V^  lbs.  per 
square  inch.  Allowing  for  the  difference  in  density,  the  quantity  introduced  into  the  cylinder  auiounted 
only  to^th  of  the  ntasa  of  steam  in  Uie  boilers;  whilst  the  varintion  in  its  elastic  force  in  llie  cylinder, 
during  admission,  was  Ith.  The  boilers,  also,  contained  1080  cubic  fret  of  water  of  the  temperature  of 
the  steam,  which  would  instantly  supply  the  vnlume  abstracted  at  a  very  slight  diminution  of  elasticity. 

On  the  supposition  that  the  first  six  inches  were  jicrformcd  in  the  mean  time  of  the  stroke,  and 
whilst  the  valve  was  being  o]>ened  by  the  CAtaraet,  that  operation  consumed  about  U'OHO  second. 

The  piston  8  velocity  during  the  working  stroke  was  at  tlie  rate  of  375  feet  per  minute.  It  would 
be  curious  and  instructive  to  ascertain  the  periods  of  time  in  which  equal  increments  of  a  working 
Btroki-are  performed.  This  might  bo  uccomplisbed,  and  the  steam's  elasticity  taken,  simultaneously. 
Similar  observations  should  be  made  during  the  return  stroke,  which  in  this  case  was  effected  at  the 
rale  of  100  feet  per  minute  by  the  plungers. 
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declined,  so  that  by  observinpf  the  alteration  in  one,  that  of  the  other  could  be 
predicted  with  great  certainty/' 

Now  let  U9  exjuuine  this  fact,  and  its  bearing  on  the  subject.  An  increasing 
elasticity'  in  the  boiler  would  cause  the  engine  to  make  a  longer  stroke,  were  the 
steam  permitted  to  enter  the  cylinder  at  that  increased  force ;  but  its  elasticity 
is  reduced  by  dimiuisliiiig  the  aperture  of  the  throttle,  or  governing  valve. 
This  constitutes  the  practical  regulation  of  the  engine's  stroke,  for  the  admis- 
sion valve  remains  unaltered,  and  ituWy  open,  during  a  constant  portion  of  the 
stroke.  The  quantity  of  water  injected  into  the  condenser  was  also  constant 
during  these  observations ;  yet  the  phenomenon  is  presented  of  a  diminished 
temperature  communicated  to  that  water  by  a  cylindt-r  full  of  steam,  when  the 
elasticity,  and  consequently  tlie  temperature  of  the  steam  within  the  boiler  is 
the  greatest  I 

The  explanation  is  obvious.  A  less  weight  of  water  as  steam  suffices  to 
perform  tlie  stroke,  when  the  steam's  elasticity  increases  in  the  boiler ;  for  the 
greater  the  difference  between  the  elastic  force  in  the  boiler,  and  that  in  the 
cylinder,  at  the  commencement  of  the  stroke,  the  greater  will  be  the  percussive 
action  transmitted  to  the  piston ;  consequently,  steam  of  a  less  density  will  be 
required  to  complete  the  stroke.  The  regulation  of  the  throttle-valve  effects 
that  object,  and  since  a  less  weight  of  water  as  steam  is  admitted  into  the 
cylinder,  less  heat  passes  fi'om  the  cylinder  into  the  condenser. 

During  the  observations  recorded  on  the  Huel  Towan  engine,  the  range  of 
the  steam's  pressure  in  the  boilers  varied  from  77  J  to  47^  lbs.,  or  37  lbs.  per 
square  inch;  and  its  temperature,  consequently,  from  311°  to  279°,  or  32°. 
The  temperature  of  the  water  discharged  by  the  air-pump  varied,  inversely, 
through  a  range  of  from  90°  to  100^°,  difference  9^°.*  The  steam*s  influx 
into  the  cylinder  was  intercepted  at  precisely  the  same  portion  of  the  stroke 
throughout  the  experiments,  so  that  its  volume,  when  cut  off,  and  its  subse- 
quent expansion,  were  constant  quantities.  But,  it  is  certain  that  the  st«am 
quitted  the  cylinder  in  a  more  attenuated  state  when  its  elasticity  was  greatest 
in  the  boiler,  for  a  given  volume  of  steam  is  seen  to  have  communicated  a  less 


•  Henwood,  page  50.  Table  2.  Careful  obBervatiims  on  the  temperature  am)  quantity  of  water 
injected  into,  and  discharfired  from  the  condenser  of  these  engines,  made  concurrent!  y  M-ith  exact  obser- 
vations on  the  steam'e  elastic  force  in  the  boUer,  and  ita  force  in  the  cylinder  at  the  end  of  the  working 
■tralte.  would  elicit  many  highly  useful  and  instructiTe  facta. 
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amount  of  heat  to  a  given  volume  of  condensing  water.  Had  the  admission 
valve  heen  closed  earlier,  as  the  steam *s  elastic  force  increased  in  the  boiler, 
the  phenomenon  in  question  would  have  been  attributed  to  the  effect  of  a 
greater  quantity  of  expansive  action  ;  but  no  greater  nominal  expansion  was 
given.  Be  it  observed,  that  the  only  physical  change  in  the  condition  of  the 
engine,  during  the  experiments,  was  tlie  variation  in  the  steam's  elastic  force 
in  the  boiler ;  and  the  only  mechanical  cliange  was  that  of  the  greater  or  less 
aperture  given  to  the  throttle- valve.  Did  not  percussive  action  increase  with 
the  elasticity  in  the  boiler,  the  throttle-valve  would  be  so  regulated  as  to  admi- 
nister steam  of  a  constant  force,  and  therefore,  of  a  constant  density,  into  the 
cylinder.  But  it  is  evident  that  an  increased  elasticity  in  the  boiler  necessitates, 
practically,  as  well  as  theoretically,  a  greater  proportional  contraction  of  the 
aperture ;  and  thus  it  arises  that  steam  of  a  gradually  diminishing  density  exists 
in  tlic  cylinder,  as  its  density  and  elastic  force  increase  in  the  boiler.* 

Other  corroborative  evidence  of  the  tmth  of  this  theory  might  be  adduced 
from  the  well-known  fact  in  Cornwall,  that  the  duty  of  an  engine  falls  off, 
or  more  steam  and  {iu;\  are  required  to  perform  a  given  effect,  when,  from  the 
circumstance  of  leakiness,  or  deterioration  in  the  boilers,  it  is  found  neces- 
sary to  diminish  the  pressure  within  them ;  the  steam  being  admitted  during 
the  same  portion  of  the  stroke,  and,  therefore,  no  change  being  made  in  the 
degree  of  nominal  expansion. 

Beew«iiy»c>ta..i»u<i^ni<»i       Rctumlng  to  the  cxamples  Under  review,  it  is  found  that 
Bomfaui  np.m.iDu.  the  economy  attamed  is  inversely  as  the  steam  s  tcrmmal 

elasticity  ;  or,  what  is  the  same  thing,  directly  as  its  attenuation  in  the  cylinder, 
at  the  end  of  the  working  stroke.  This  conclusion  would  be  predicted  from  a 
perfect  knowledge,  or  true  theory  of  the  steam's  action;  for  a  greater  economy 
of  steam  in  one  engine  over  another,  or  in  the  same  engine  at  different  times, 
can  arisi^"  only  from  having  exhausted  the  steam  admitted  into  the  cylinder 
of  a  greater  proportion  of  its  absolute  force,  in  one  case,  than  in  another.  That 
such  was  the  fact,  in  these  three  instances,  is  forcibly  exemplified  by  placing 
the  effect  produced  by  equal  weights  of  water,  as  steam,  in  juxta-|X)sition  with 
the  steam's  elasticity  at  the  end  of  tlie  working  stroke. 

*  TliU  bu  reference  only  tn  what  occun  in  any  given  engine.  It  may  happen  from  various  cauMt 
that,  of  two  engines,  iht*  one  whit  li  has  the  greatest  elastic  force  of  steam  iti  the  boiler  may  realize 
the  leaat  amount  of  percussive  action  in  the  cylinder. — (See  note.  p.  283.) 
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AbioluM  effid  to 

potiatla  ralHd  1  foot  by 

llb.urSl-*Di. 

ItM. 


flnd  of  IIh>  (Irxktt 
per  KitwK  tncli  on  I'Uloo. 
Ibi. 


135253     .      .      .      .     7*30  at  IluelTowan.     (App.  11,) 

1961*23     ....     4-66  at  Holinbush. 

2 1 0332      .      .      .      .      3  •  95  at  Fowey  Consols. 

The  degree  of  what  I  have  termed  usefiil  expansion  is  truly  measured  by 
the  ratio  which  the  absolute  resistjince  bore  to  the  steam's  elasticity,  on  the 
terminatiou  of  the  working  stroke,  which  was  as  follows : — 


Ritiu  of  ihr  ilMaI<M« 

■Uuicity  •!  tlie  Mad 
aftbeMruke. 


As  1  to  0' 405  at  Huel  Towan.     (App.  9.) 
As  1  to  0-288  at  Hohnbush. 
As  1  to  0-259  at  Fowey  Consols. 

It  thus  distinctly  appears  that  the  steam  virtually  suffered  the  greatest 
expansion,  or  attenuation,  in  the  engine  which  j)erformed  the  greatest  effect, 
and,  hence,  its  superior  economy.  But  tlie  admission  of  steam  is  reported 
to  have  been  intercepted  at  j)eriod8  which  assign  the  least  nominal  expansion 
to  the  most  economical  of  the  three  engines,  viz. — 

At  about  ^  or  0*22  of  the  stroke  at  Huel  Towan. 


J  or  0 -106 
i  or  0-25 


Holrabush.* 
Fowey  Consols.* 


•The  rfljMicity  of  ihe  Holmbuah  cylinder  above  Iho  piston  at  oni^-aixth  of  the  stroke  would  bo 
20*178  cubic  iL-cl,  exclusive  uf  the  8[>ace  and  passages,  hiuI,  iffilleil  with  steam  al  :^)  +  14"7l,  or 
44'71  lbs.  jier  wjuaro  int:h.  assumed  by  Mr.  VVJckistefd  a«  the  pressure  on  the  piston  from  the  instant  of 
opening  to  the  initantof  closing  the  steam-valve,  the  ronslitoent  water  of  that  voliune  of  steam  would 
have  been  2'06  lbs.,  reprc&entinK  the  quantity  expended  per  stroke.  This  sum,  muliiplied  by  672, 
Uie  number  of  strokes  made  by  the  engine,  anil  divided  by  9-1  lbs.,  the  weight  of  coal  consumed  during 
his  exjieriment,  would  ^ve  an  i'va|>oralive  product  of  l-i'72  lbs.  per  pound  of  coal ! 

Mr.  West  atates  that  the  steam  entered  the  cylinder  of  Ihe  Fowey  Consols  engine  at  27  -f-  14*71. 
or  41 '71  lbs.  per  square  inch.  Had  the  steam  maintained  this  pressure  in  the  cylinder  throughout 
one-fourth  of  the  stroke,  its  constituent  water  would  have  been  8'5G  Ihs.,  which,  multiplied  by  6287, 
the  number  uf  strokes,  and  divided  by  225G.  the  niunbcr  of  pounds  of  coal  burnt  during  the  experiment, 
would  give  an  evaporation  of  23*8  lbs.  of  water  by  1  lb.  of  coal ! 

Fortunately,  Mr.  West  ascertained  the  real  evaporation  to  be  lO'.'JO  lbs.  per  poiuid  of  coal,  and,  it 
being  known  that  no  instrument  waa  employed  lo  uieasuTe  the  Bteam's  elasticity  in  the  cylinder,  in 
cither  of  these  experiments,  but  that  it  was  only  an  enlimation,  doubt  does  not  extend  to  the  observed 
facts  which  remain  unimpeached.  Tlie  indicator  would  have  shewn— as  in  the  case  of  tlie  Huel  Towan 
— that  whatever  might  have  been  the  pressiire  of  the  steam  on  the  instant  of  opening  the  steam-valve, 
its  pressure  in  the  cylinder,  on  closing  it.   would  be  \'cry  different.      The   indicator  diagrams 

p  p2 
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The  nominal  amount  of  expansion  suffered  by  the  steam  is,  therefore,  no 
criterion  of  economy,  which  mainly  arises  from  the  intensity  of  the  percussive 
action,  for,  upon  its  intensity  dej)ends  a  large  quantity  of  the  expansive  action 
which  can  be  brought  into  play;  and  upon  the  quantity  of  the  combined  action 
of  tliese  two  forces  depends  the  economy  realized,  compared  with  the  effect  of 
steam  used  unexpunsively  throughout  a  stroke. 

rwoouMDoo  of  th.  enstn.--*       I  havc  Stated  that  tlie  i)roof  of  a  force  having  ope- 

TolttOUry  rattOfTulo  moiloii  al  '  o       i 

£StaIdi5*X™Sl2^*^'''  r^^^y  distinct  from  the  steam's  continuous  action,  did 
not  altogether  depend  on  the  precise  accuracy  of  tlie  value  assumed  for  the 
absolute  resistance.  I  will  now  exemplify  my  meanings  by  adducing  additional 
evidence  of  the  insufticiency  of  the  steam's  simple  elastic  force  to  perform  the 
work  of  these  engines,  which  will  also  throw  light  on  the  nature  of  the  force 
wliich  makes  up  the  complement  of  power. 

In  reilectiug  on  the  phenomena  wliich  ought  to  attend  a  deficiency  of  the 
steam *s  simple  elastic  force,  if  such  existed,  it  occurred  to  me  that  practical 
testimony  to  the  fact  might  be  obtained,  by  ascertaining  whether  the  piston 
would  return  hack  on  the  completion  of  the  working  stroke,  if  the  equilibrium 
valve  were  kept  closed.  The  inference  seemed  to  me  inevitable  that  a  return 
stroke  would  commence  against  the  steam  above  the  piston,  if  the  comple- 
mentary force  had  overcome  a  greater  portion  of  the  absolute  resistance,  during 
the  working  stroke,  than  was  equivalent  to  engine  and  pit-work  friction.  In 
other  words,  if  on  the  termination  of  the  working  stroke,  the  column  of  water, 
and  the  steam's  pressure  upon  the  piston,  were  jointly  inferior  to  the  weight 
of  tlie  pump-rods,  the  latter  would  preponderate,  and  a  retrograde  movement 
of  the  engine  take  place,  until,  by  the  steam's  compression,  au  equipoise 
were  establislied. 

I  thought  it  not  unlikely  that  so  good  an  observer  as  Mr.  Kenwood  might 
have  noticed  whether  the  engine  would  so  return  against  the  steam.  I 
accordingly  requested  him  to  inform  me  if  he  had  done  so,  and  if  not,  to  make 
the  experimeut  by  keeping  the  equilibrium  valve  closed,  and  note  what  would 
happen.  His  reply  is  as  follows : — "  In  order  to  see  the  engine  return  against 
tlie  steam  above  tlie  piston,  I  removed  the  tappet  from  the  plug-rod,  and  kept 

shew  that  DO  one  can  predict  the  Bteam's  elutic  force  in  the  cylinder  from  a  givea  elasticity  in 
the  boiler,  it  being  very  variable  Ihroitshout  the  period  of  its  adtnission.  It  is  evident,  also,  that 
the  whole  power  in  operation  cannot  be  deduced  from  the  steam's  mean  elastic  forrc  previous  to  cut- 
ting it  off,  either  by  the  law  of  Boyle,  or  any  other  tlieory  of  expansion. 
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furce.  It  is  manifest  that  tins  complementary  force  must  have  been  of  a 
transient  description  ;  that  its  effort  was  monientJiry,  not  continuous ;  and 
that  its  exertion  must  have  taken  place  at  the  commencement,  not  at  any 
subsequent  period,  of  the  stroke ;  for,  at  no  sul>seqnent  period,  could  sucli  a 
force  have  been  called  into  play.  The  transient  character  is  precisely  that  of 
a  momentum  originally  communicated  to  the  mass  of  the  engine ;  and  %vhence 
can  it  have  been  derived,  but  tVoni  the  instautaneous  action  transmitted  to  the 
piston,  on  efli'ecting  the  sudden  communication  between  the  steam  in  the 
cylinder,  and  that  in  the  boiler? 

This  important  fact  of  the  preponderance  of  the  pump-rods  over  the  two 
opposing  forces  of  tlie  column  of  water,  and  of  the  steam's  pressure  on  the 
piston  is,  also,  demonstrable ;  for,  we  are  in  possession  of  the  amounts  of  tliose 
forces  in  the  Huel  Towan  engine,  and  can  compare  them  witli  tlie  force  of 
steam  in  the  cushion  which  was  requisite  to  bring  the  return  stroke  to  a 
termination,  and  to  counterpoise  the  entire  weight  of  the  descending  mass,  witli 
the  aid  of  the  column  of  water. 

The  two  resistances  against  which  the  engine  went  out,  when  observed  by 
Mr.  Ileuwood,  were — 


Stemoi's  fafce 

ubon  ibe  pliloM, 

■lend  of  alntkr- 


WaUT  \Mi  obon  ibe  pliloM,        Inrwrfect 

per  vqaarc  inch.         ■>  end  of  alntkr-         vuaain. 

Ibt.  Ib«.  per  aq.  iorh.      lb.  i«r  k).  In. 

*  10'52  +   7-30   -   1-25   = 


Per  pqaRT*  itwh. 
lU. 

16-57 


The  pressure  of  steam  in  the  cushion  was  10- 7  lbs.  per  square  inch,t  but 
there  existed  beneath  the  piston,  from  imperfect  vaciuim,  an  elasticity  (assumed) 
of  1  -25  lb.,  leaving  a  net  force  of  l)-45  lbs.  per  square  inch  aI)ovc  tlie  piston. 
This  sum,  added  to  the  pressure  of  the  column  of  water  acting  against  the 
four  plungers,  forms  a  total  of  19*  97  lbs.  per  square  inch,  as  the  counteq>oise 
of  the  mass  of  tlie  pump-rods.  It  is  evident  that  the  same  mass  could  not  be 
sustained  bya  less  weiglit,  or  16  ■57  lbs.  per  square  inch.  The  engine,  tlierefore, 
on  the  exhaustion  of  that  force  which  1  have  termed  complementary  to  the 
steam  within  the  cylinder,  must  necessarily  retrograde.  At  the  end  of  the  work- 
ing stroke  an  excess  of  weight  over  the  opposing  forces  of  the  column  of  water, 
and  of  the  steam  in  the  cylinder,  is  thus  proved  to  have  existed   in  the  purap- 

*  One  of  the  five  pumps  worked  by  this  engine  was  a  tiflinf;  pump,  and  its  load  raised  by  the 
working  etroke ;  bo  Umt  in  going  out  the  engine  was  resisted  only  by  the  columns  of  water  of  four  pumps. 
Ben  wood,  p.  57. 

t  Deduced  from  the  indicator  diagram, 
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By  meana  of  an  indicator,  or  mercurial  column  placed 
on  the  cylinder  cover,  the  following  measures  of  resistance 
may  be  obtained. 

Ut.  The  absolute  resistance  during  the  working  stroke.  To  find  this 
quantity,  in  terms  of  pressure,  it  is  only  necessary  to  give  so  much  steam  above 
the  piston,  as  to  produce  equilibration  between  its  force  and  that  opposed  to  it. 
Wlien  the  piston  acquires  the  slightest  appreciable  motion  in  descent,  the 
counterpoise  is  complete.  The  value  of  imperfect  vacuum  must  be  ascertained, 
and  deducted  from  the  pressure  above  the  piston, 

2nd.  By  keeping  the  e<juilibriura  valve  closed,  and  allowing  the  engine 
to  perform  a  voluntary  retrograde  movement,  at  the  end  of  the  working  stroke, 
till  it  comes  to  rest  by  compressing  the  steam,  the  total  weight  of  the  pump- 
rods  will  be  accurately  denoted  by  the  pressure  of  the  column  of  water  against 
the  pumps,  added  to  the  pressure  of  steam  upon  the  piston,  minus  the  elasticity 
from  imperfect  vacuum  beneath  the  piston. 

3rd.  The  net  pressure  of  the  steam,  last  found,  balances  and  measures  the 
excess  of  the  weight  of  pump-rods  over  the  column  of  water.  It  counterpoises 
that  portion  of  the  entire  weight  which  is  requisite  to  overcome  friction  of  all 
descriptions  during  the  return  stroke,  and  to  deliver  the  water  at  the  required 
velocity. 

4th.  The  difference  between  the  sums  found  by  the  1st  and  2nd  propositions, 
is  the  value  of  engine  and  pit-work  friction. 

5th.  The  difference  between  the  sums  found  by  the  3rd  and  4th  pro|)09itions, 
is  the  joint  value  of  the  friction  of  the  column  of  water,  and  of  the  weight 
necessary  to  displace  it  at  the  velocity  of  the  return  stroke. 

The  indicator,  thus  used  as  a  pressure  gauge,  will  unerringly  furnish  these 
important  data,  for  the  engine  is  at  rest,  and  the  steam  quiescent  when  the 
observations  are  taken.  The  small  space  of  time  requisite  to  obtain  them, 
cannot  subject  a  mining  engine  to  any  iuconveuience ;  and  the  absolute 
resistance  being  determined,  together  with  the  consumption  of  water  as  steam 
per  stroke,  the  sufl&ciency,  or  insufficiency  of  the  steam *s  mean  simple  elastic 
force  througliout  the  stroke  to  overcome  the  resistance,  may  be  readily  deter- 
mined on  any  engine. 

Aft.oi.jfj;h.c«.hioB  rpjj^  cushiou,  wLich  is  a  quantity  of  steam  recovered  from  the 
expiring  stroke,  and  saved  from  annihilation  iu  the  condenser,  is  ingeniously 
used  to  break  the  shock  in  bringing  the  engine  to  a  state  of  rest     It  is  also 
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whole  Stroke  being  unity.  TIic  second  sliews  tlie  economy  of  each  engine  in 
temis  of  the  weight  of  water  as  steam  consumed  \)gt  stroke,  compared  with  the 
expenditure  of  water  as  steam,  had  it  been  applied  unexpansively,  or  expan- 
sively, but  not  percussively. — 


Aliquot  parts  of  the  Strolce  performed 

Br  ttwSlMm'a 

WtiOD. 

By  SiMiB 

oqoal  lo  Um 

iwliUara. 

By  «xpuuir« 
Slaui. 

Englarm- 

Wholt  slrake  uoity. 

0175 
0-251 

0-270 

Whole  ttroke  unity. 

0-423 

0-296 
0--272 

Wbolp  ■inkanBltj. 

0-402 
0-453 
0-458 

Huel  Towan.  (App.  12.) 

Holmbusi). 

Fuwey  CodboIb. 

ConsiunptioTi  of  Water  as  Steam  per  Stroke^ 

AcluAlly 

COOMIDwd. 

VLD<*X1MtMtVfl* 

tfatouxhoul  Um; 

expuuivelir,  but 
DM  |H!iruHlrcly 

Gniinn. 

ns. 
6 '642 
1-434 
3-737 

15-720 

4  ■643 

13-717 

Um. 

8-051 
2-181 
5-116 

HuelTowaa.  (App.  13.) 

Hulmbusfa. 

Fowey  Consols. 

In  the  general  table  annexed,  I  liave  introduced  many  other  quantities 
brought  to  light  in  the  course  of  the  investigation.  To  it  I  must  refer  the 
inquirer,  having  deemed  it  more  perspicuous  to  confine  the  foregoing  account 
of  the  analysis  strictly  to  the  argument,  and  to  tlie  production  of  such  facts  and 
quantities  as  were  indispensable  for  the  development  of  the  theory  advanced 
in  explanation  of  the  steam's  aetion.  For  the  same  reason  I  have  excluded 
from  the  text  all  the  formula}  aud  computations.  The  processes  used  \vill  be 
found  in  the  Appendix,  for  one  engine,  tl»e  Huel  Towan,  which  will  serve  to 
guide  tlie  inquirer  in  his  search  after  the  corresponding  quantities  for  the 
two  other  examples,  and  also  to  inform  those  who  may  be  disposed  to  pursue 
a  similar  method  of  investigating  the  action  of  steam  in  other  engines. 
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greater  evaporation  would  have  been  requisite,  for  much  denser  steam  would 
have  been  required  had  not  percussive  action  been  brought  into  play,  so  as  to 
aid,  in  the  manner  described,  the  steam's  simple  elastic  force.* 

I  am  now  able  to  adduce  the  testimony  of  the  diagram,  which  is  a  transcript 
of  the  steam's  pressure  upon  the  piston  at  every  point  of  a  stroke,  that  the  steam's 
simple  elastic  force  was  insufficient  to  overcome  the  resistance  opposed  to  it. 
The  following  are  the  pressures  indicated  at  each  6  inches  of  the  piston's 
descent  in  the  cylinder : — 


iDchcioTthe 
Stioke. 

6     .      . 

PreMnrei. 
Itat.  per  tqnkra  loob. 

27-0 

12     ,      . 

26-0 

18     .      . 

24-4 

24     .      .      . 

22-81 

30     .      .      . 

20-4/  ^ 

36     .      . 

17-4 

42     .      .      . 

15-5 

48     .      . 

14-2 

54     .      . 

13-0 

60     .      . 

12-1 

66     .      . 

H-4 

72     .      . 

10-6 

78     .      . 

9-9 

84     .      . 

9-4 

90     .      . 

8-9 

96     .      . 

.       8-4 

102     .      . 

7-9 

108     .      . 

7-6 

114     .      . 

.       7-3 

120     .      . 

.       7-0 

20 

)  281-2 

Steam's  influx  intercepted. 


14 '  06  mean  throughout  the  stroke. 

The  steam's  mean  simple  elastic  force  thus  found  is  14 '06  lbs.,  and  its 

force,  as  determined  by  the  method  of  the  volumes,  14-85  lbs.     This  difference 

*  Each  pound  of  coal  burnt  must  have  evaporated  12|  lbs,  of  water  instead  of  10}  Ibe.  to  fumiah 
steam  of  sufficient  force  to  overcome  the  resistance. 
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Conclusion. 

An  accurate  knowledge  of  the  forces  employed,  and  of  their  action,  constitutes 
what  is  termed  the  tlieorj'  of  the  engine,  with  which  the  practical  engineer 
should  be  as  intimately  acquainted,  as  witli  its  materials  and  mechanical 
structure.  It  is  only  by  a  clear  perception  of  the  former,  tliat  lie  can  so  arrange 
the  latter,  as  to  obtain  the  maximum  effect  from  the  power  employed.  The 
Cornish  engineers  have,  unconsciously,  applied  the  percussive  action,  as  well 
as  the  elastic  force  of  steam,  and  we  Imve  an  instance  in  the  Fowey  Consols 
engine  of  ^^ths,  or  more  than  a  quarter  of  the  stroke  being  performed  by 
percussive  action  alone ;  in  other  words,  more  than  one-fourth  of  the  effect 
was  obtained  without  any  cost  of  steam.  If  a  method  could  be  devised  of 
witJuIrawing  the  steam  again  from  the  cylinder,  after  inflicting  the  blow  upon 
the  piston,  these  blows  might  be  repeated  by  the  same  steam  ad  infinitum ;  but, 
since  steam  must  necessarily  accompany  its  percussive  effort,  the  object  of  the 
constructor  must  be  to  appropriate  the  greatest  possible  qiumtity  of  this  force, 
with  the  consumption  of  the  least  possible  quantity  of  the  steam's  material 
ingredient. 

Neither  diiigrani  marks  the  period  of  intercepting  the  steaiu.  In  fig.  8,  tliere  is  no  iract*  of  it ;  in 
fig.  9  it  woiiltl  seem,  from  a  sujH'rfioial  view,  thai  the  Bteam  valve  was  cloaed  where  the  upper  hori- 
zontal line  lerminatca,  and  cxpan&ioii  commenced.  Bui  such  wau  nut  tl^  fact,  as  that  line  of  nnarly 
cq\ul  presaure  leased  at  about  0  inches,  i.  <?.,  at  ahout  ^lU  of  the  alrokc,  and  the  steam  was  admitted 
during  about  ^tb  part. 

The  water  load  (11  >4  lbs.  per  square  inch  on  the  piston)  and  other  circumstances  of  this  engine 
were  so  nearly  similar  to  those  of  the  Huel  Towan,  at  the  time  of  the  experiments,  that  the  deficiency 
of  the  steam's  simple  clastic  force  to  overcome  the  retistAnco  must  at  least  have  eqviallcd  the  amount 
prevtuusly  found  for  the  Huel  Towan  engine.  ' 

The  computation  of  these  two  diagrams  verifies  Mr.  IIcnwood'Ei  nbscn'atton  that  tbn  tem^ierature 
of  a  given  volume  of  cuiidcnHing  water,  when  discharged,  is  inversely  as  the  steam's  ela^sticity  in  the 
boiler.  It  is  manifest  that  a  given  volume  of  steam  liaviiig  an  eUsticily  of  7'G  lbs.  per  square  inch, 
contains  less  heat  than  the  same  volume  at  K*5  lbs.  }»er  squar*.'  inch.  It  justifies  the  notorious  fact, 
and  common  belief  in  Cornwall,  that  more  steam  and  fuel  are  consumed  by  llie  same  engine  as  the 
pressure  of  steam  falls  in  the  boilers  ;  and  it  confirms  llie  deductions  previously  drawn  from  the  vary- 
ing temperature  of  the  condensing  water,  {see  paije  "273). 

Similar  facts  are  elicited  from  the  computation  of  the  diagrams  of  the  Binner  Dovns  engine 
(Henwood,  figs.  v.  &  vi.)  In  the  first  case  tlie  volume  of  steam  in  the  cylinder,  at  the  end  of  tlie 
working  stroke^  was  6'4  11*.,  in  the  second  case  7'4  lbs,  being  a  diftereme  of  1  Ih.  \wt  square  inch. 
The  steam  in  these  boilers  varied  in  elasticity  16*78  lbs.  per  square  inch,  which  thus  produced  an  eco- 
nuuiy  of  about  fth  in  favour  of  the  higher  steam,  no  change  being  made  in  the  duration  of  the  slcani's 
admission. 
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Jotculations  for  the  Huel  Towan  Engine. 

i.  Required,  the  steam *s  elasticity  in  the  cylinder  at  the  end  of  tlie  work- 
ing stroke,  from  the  volumes  of  steam  and  water  consumed. 
Ist.  Find  lite  volume  of  water  iiitToduccd  into  the  cylinder  per  Btroke. 

Ctil..  fl. 

847  5  total  quantity  evaporated  from  the  temperature  93-8**  (Hcnwood). 
7 '  5  deducted  for  dilatation  from  6tf*,  and  fur  impurities. 


840*0  total  conaumplion. 

Cub,  *V.        SlKikc*.  Cub.  n. 

840  -r~  1881  =  0'  1065  wnler  in  steam  entering  the  cylinder  each  siroke. 
and.  Find  the  volume  of  water  existing  in  the  cusliiun  of  Bleam,  recovered. 

IIm.  i)«r  ftq.  In. 

lO'l  steam's  elasticity  in  cushion  (Indicator  diagram). 

Cub.  n. 

9'  176  volume  of  steam  forming  the  cushion.     (Hcnwood.) 

The  ratio  which  that  volume  of  steam  at  10'  7  lbs.  pressure  bears  to  the  volume  of  water  from 

which  it  was  generated,  is  2365  — (  Vuh  Table  by  M.  de  Pambour). 

Ralio  nr«li>i(in 
Cub.  a.  rtsitni.       to  water.  Cub.  n. 

Then,  9*176  —  2365  =  0*0038  the  constituent  water  in  the  cushion  of  eteftm  at 
10  *  7  pressure. 

Cub.  ft.  Cub.  ft  Cull,  ft. 

And,  0- 1005  +  0-0038  =  0- 1103  total  volume  of  water  existing  in  the  cylinder. 
3rd.  Find  the  volume  of  steam  in  the  cylinder. 

Dnctlbi.>il  l>y 
CuDlvnU  of        thi'  [HttoB 
onahkjB.  per  iltoks. 

Cub   rt.  Cub.  ft.  Cub  ft 

9- 176  +  346-394  =  355*  570  total  volume  of  steam  at  the  end  of<he  stroke. 

filMBi.  Walvr. 

Cob  n.  Cub,  ft. 

And  355*570  -r  0*  1 103  =  3223  ratio  of  the  volumes,  denoting  the  steam's  elasticity 
at  the  end  of  the  working  stroke  to  be  7  *30  lbs.  per  square  iuch. 


2.  Required,  the  portion  of  the  stroke  performed  by  steam  equal  in  pressure 
to  the  resistance. 

Resistance  estimated  at  18*01  per  square  inch  against  the  engine  piston. 

Ist  The  entering  steam  has  to  raise  the  elasticity  of  the  cushion  from  10*7  lbs.  to  18*01  lbs. 

which  will  require  0*0027  cubic  feet  of  the  water  as  steam  introduced  into  the  cylinder;  found  at 

Vol.  nTe^KthioD.  Vvl.  ijf  wslrr. 

Cab.  ft.  lUilo.  Cub.  It 

follows.     The  ratio  for  the  volumes  at  18-01  lbs.  is  1410;  and  9*176  -f-  1410  =  0*0065  which 
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6.  Required,  the  weiglit  raised  1  foot  by  the  elastic  force  of  steam  leM 
than  the  resistance;  that  is,  during  its  expansion  lx;low  tlie  pressure  of  the 
resistance. 

Stnm'i  eloitkMy. 
«ait  of  ilruka.  ^ 

1b».  IIh  Dm, 

1st.   18*01  +  7*3  -T-  2  =  12*55,  the  steam's  mean  force  duritig  expansion. 

An»  of  pUiflB. 

Sq.  iD.  lt«.  ft.  Ibi. 

2nd.  4988*08  x  12-55  x  5*775  =  361517  raieeil  iToot. 

7.  Required,  the  total  weight  raised  1  foot  by  the  steam's  simple  elastic 

force. 

iUbnl  IftMi- 

370554  by  Bteam  not  less  than  the  resistance. 

361517  by  slenm  expanding  below  the  resistance. 

74 1 07 1   total  effect  of  the  steam. 

8.  Required,  the  steam's  mean  pressure  on  the  piston  throughout  the 
stroke. 

Lrnitthaf 
RfltH4  1  n.        txnk% 

Itw.  ft.  Ibi. 

1st.  741071  -=-  10  =  74107*1  mean  load  of  steam  on  the  piston. 

Low]  un  |>l>toa.     Ai««of  piuoo.      9vi  mj.  lii. 
lU.  S<|.  in.  i\t%. 

2od.  74107'  1  -j-  4988*08  =  U*85  mean  pressure  of  steam  throughout  the  stroke. 

9.  Comparison  between  the  resistance  overcome,  and  the  steam*s  simple 
elastic  force. 

Slrun'i  »H0  Totm 
llirauxtMiul 
R«fisunc«.  •trokip.  P«r  tq.  la. 

11m.  par  ■(|.ln.    lb*,  pir  iq.  In.  Iba. 

1st.  18*01  —  14*85=    3 '  16  differeDce,  being  the  sleam^s  deficiency  throughout  the  Stroke. 

?t»«n'i  mran  ton* 

duriuf  fXpanaiuR. 

Iba.  |H*r  Mf.  ill. 

2Dd,  18*01  —  12*55  =    5'46  difference,  being  the  steam's  de&ciency  during  its  expaiisiuu. 

Stmun'a  tuna  m\  tba 
IIm.  {wr  aq.  to. 

3id.  18*01  —    7'30=  10*71  difference,  being  the  steam's  deficiency  at  the  end  of  the  stroke. 

Itn.  Ibt. 

4th.  A»  18*01  :  1  ::  7*03  :  0' 405,  bring  the  ratio  between  the  absolute  resistance  and  the 
steam's  elasticity  at  the  eud  of  the  working  stroke. 


10.  Required,  the  portion  of  the  stroke  which  the  steam's  simple  elai$tic 
force  was  insufficient  to  perform. 

1st.  It  has  been  fuinid  thnt  during  5*775  feet  (3),  or  69 '3  inches,  the  steum's  elasticity  was  less 
tluQ  the  resistance,  and  thut,  throughout  that  space,  its  mean  force  was  only  12*55  lbs.  per  square 
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ioclj.     The  epacc,  then,  through  which  the  expanding  steam  could  have  overcome  %  force  equal  to 
the  absolute  resistance  will  be  invcrselv  as  those  forces. 


18-01 


luchpt. 

OS) -3 


12-55 


Indm. 

48-29 


IncttM-  lofhM.  lochf*. 

and  69*3  —  48-29  =  21' 01  the  portion  of  the  stroke  equivalent  to  the  steam's  defi- 

cieucy  of  power. 

2nd.  The  same  is  found  by  the  relation  which  the  steam's  mean  fi>rce  throughout  the  whole 

stroke  bore  to  the  force  requisite  to  counterpoise  (he  resiBtance ;  thus, 

fttatm'a  nema 
Bvbiataarc.    Total  aUotM.    fcfn. 

rbt.  IwhM.  lb*.  IncliM. 

As  18-01  :  120  ::  14-66  :  98-94 

InoliN.         ludxra.  Itirhn. 

and  120  —  98*94  =  2106  the  steam's  deficiency  of  power  in  terms  of  the  stroke. 

Obs.  It  has  been  found  (2)  that  when  the  piston  had  passed  through  50 '7  inches,  the  steam's 
elasticity  and  the  resistance  were  in  cquilibrio.  Motiuu  would  then  have  ceased,  but  for  the 
momentum  transferred  to  the  mass  of  pump-rods  by  the  excess  of  the  steam's  force  over  18-01  lbs. 
between  the  ioBtunt  of  its  admiBsion  into  the  cylinder,  and  the  iustantwhen  the  piston  had  descended 
50*7  inches.  It  waa  the  discharge  of  this  momentum  which  assisted  the  steam,  during  its  expan- 
sion below  the  elasticity  of  18*01  lbs.,  to  drive  the  piston  through  the  additional  space  of  43*39 
inches;  hut  it  was  unable  to  complete  the  whole  stroke  by  21 '01  inches.  The  precise  value  ufthia 
momentum,  or,  what  is  the  same  tliiugf  the  value  of  the  excess  of  force  over  the  resistance  during 
50*7  inches  of  the  stroke,  is  determinable  as  follows: — 

The  volume  of  steam  in  the  cylinder  when  the  piaion  had  descended  98  "99  inches  would  be 
294*951  cubic  feet,  and  its  ratio  to  the  volume  of  water  2770,  denoting  the  elasticity  to  be  8'9  lbs. 
per  square    inch.     The  steam^a  mean   force  between  50-7   inches  and   98'99  inches—that   is, 

lb«.  Itn. 

through  48-29  inches,  the  expansive  stroke — would  thus  l*e  IS'Ol  +  8'9  -=-  2  =  13*45 lbs.  per 

ItM.  Iba  IIm. 

square  inch;  and  1801  —  13*45  =  4'56  per  square  inch;  being  the  value  of  the  momentum 
derived  from  the  steam's  excess  over  the  resistance  during  50*7  inches,  nnd  discharged  during  the 
remaining  48-29  inches  of  the  stroke  which  the  steam  was  capable  uf  performing. 

Now,  it  appears  by  the  Indicator  dias^am  that  the  maximum  elasticity  of  the  steam  was  27  lbs., 
uid  that  its  mean  elasticity  between  the  instant  of  the  commencement  of  the  piston's  motion,  and 
the  instant  of  the  steam's  falling  to  18lbs.,  was  about  22*50  lbs.  per  square  mch ;  shewing  that 
a  quantity  of  momentum  had  been  transferred  to  the  mass,  equal  to  the  exertion  of  a  force  of  about 
4 '50  lbs.  per  square  inch,  through  50*7  inches  of  the  stroke,  over  and  above  the  pressure  of  the 
resistance.  Mure  than  this  amount  could  not  be  restored  during  the  steam's  expansion  l>clow  the 
pressure  of  the  resistance,  and  it  ia  accordiugly  found  that  the  whole  of  it  was  discliai^ed  when  the 
piston  hod  attained  about  99  inches  of  the  stroke,  for  it  is  seen  that  the  exertion  of  a  force  equal  to 
4*56  lbs.  per  square  inch  was  required  through  48 * 29  inches  to  enable  the  attenuating  steam  to 
carry  the  load  through  thtit  space. 

The  correctness  of  the  analytical  process  is  thus  confirmed  by  the  evidence  of  the  indicator  dia- 
gram, and  it  is  demonstrated  that  the  engine  would  have  come  to  rest  at  99  inches  of  the  actual  stroke, 
but  for  the  steam's  initial  percussive  action,  which  transmitted  to  the  mass  a  quantity  of  momentum 

B.  n  '2 
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equivabiit,  with  the  additional  expansion,  to  the  exertion  of  ISlbe.  per  square  inch  on  the  piston 
through  21  inches,  nnd  enabled  it  (o  complete  the  stroke. 

The  values  of  the  momenta  derived  from  these  two  distinct  sources,  viz.,  hrst,  from  the  excess 
of  the  steam's  sin)ple  elastic  force  over  the  re»i&tHncc,  during  a  portion  of  the  stroke ;  aud,  secondly, 
from  the  steam's  percusaiTe  action,  arc  thus  separable  and  determinable. — (See  Diagram  of  the  steam's 
action.) 

11,  Required,  the  absolute  effect  of  1  lb.  of  water  as  steam  actually  con- 
sumed, in  pounds  raised  1  foot. 

1st.  Find  the  weight  of  water  consumed  per  stroke. 

ToUl  Water.       T>!rti]>.  aXfi.  No.  at      VTrntet  ■«  «tmn). 

Cub.  n.      llM.  (MR  cub.  n.       SI  rutCM.  Iltt. 

840  X  62-3206  -r  7881  =  6*642  consumed  per  stroke. 

AbaulnU  elToct. 

llM.r«l«r.d  I  ft.  Ibi.  lU 

3Dd.    898353-208  ~-  6'642  =:  135253  raised  1  foot  by  1  lb.  of  water  as  steam. 

12.  Required,  the  aliquot  parts  of  the  stroke  performed  by  the  several  forces 
as  analytically  investigated ;  the  total  length  of  stroke  being  unity. 

Slrako. 

Inch««  Inctiei.       Put*  of  >(roki). 

As  120  :  1  ::  21'01  :  O-ns  performed  by  the  steam's  percuseivc  action. 
120  :  I  ::  so*  70  :  0-423  performed  by  steam  equal  to  the  resistance. 
120   :    1    ::  48*29   :   0' 402  performed  by  the  steam's  expansive  action. 


120-00         1000 


13.  Required,  the  consumption  of  water  as  steam,  if  used  unexpansively 

throughout  the  stroke;  and,  if  used  expansively,  but  not  percussively, 

Ist.  It  has  been  found  that,  if  admitted  ^adually  at  the  pressure  of  the  resistance,  the  whole 
of  the  steam  would  have  entered  tlie  cylinder  when  the  piston  had  passed  through  50*7  inches.  To 
continue  motion  to  the  end  of  the  stroke  by  the  same  gradual  admission,  the  consumption  of  steam 
would  be  proportional  to  the  length  of  stroke ; 

tnebM.  Ibf.  IncliM.  tlt«. 

.*.  50'7   :   6*642   ::   120   :    15720  cunsumption  re(iuired  had  tlie  steam  been  used 
unexiHinsivcly  throughout  the  stroke. 

2nd.  It  has  been  found  ihnt  the  steam's  simple  elastic  force,  unaided  by  percussive  action, 
would  have  urged  the  piston  ihruugh  96*  99  inches; 

VfmXtt  mi  ilMB-  WMtt  «■  MAiB. 

loehn.  lbs.  IucIim.  lbs. 

.*.  98*99   :   6  642   ::   120   ;  8 '051  consumption  required  had  the  steam  been  used 
expansively,  but  not  percussively. 
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HUKL  TOWAN  CTUNDKB. 

Dtametsr  BO  loehM. 


PMt 

0- 


1- 


2- 


3- 


4- 


Ctadikiii«touDlO'71tM. 


SUun's  mean  fores  29*  5  lbs. 
EsoaH  over  th»  mliUace  4*&lbt. 

through  50 '  7  iDchei. 


5- 


6- 


8l«Rm*aiiiMD  Ibree  13'iftlb«. 

Defieieaey  4-S51bi.  throaih  483  inchei,  oompeiiMtad  by  the 

dbobsrga  of  tba  nonentam  prarioiutjr  Mqtdnd. 


8- 


9- 


10- 


Strut**  meui  fbrce  8  tbs. 

DcAeieDcy  lOlbt.  throoKh  SI  iDchsi, 

eompesMtcd  b;  the  deeharge  of  the  noneDtnin 

arisiogfhnB  Iheeteam'*  percaid*e  wUon. 


1 

■ 

I 

V 

H 

la. 

6- 


26-4 
30- 


•50*7 


99' 


-120- 


I 

Ibt. 

27'    Hulmnm. 


^■1 

20-4) 


Steun'i  iDflaz  elopped. 


18{ 


Steam  ud  reeUteme  ia 
equUibria 


(  Extent  of  alroke  effiMited  by 
8'9<     the  steem'i  ■imple  eUe- 
t     '^  fbrce. 


7'  Total  etioke. 


TO  TAO*  VUM 


KMon 


Hud  To» 

Fowey  O 


Huel  Towan. 
Holm  bush  • 
Fowey  Conaok 


Huel  Towan . 
Hulmbush  . 
Fowey  Consols 


Huel  Towan 
Holmbush    . 
Fowev  Consols 


Huel  Towan . 
Holmbush  . 
Fowey  Consuls 


bU 


-^.~.=-^ 


By  the  lit 


Slroi 


Sleam'a  de^ 
to  overcoine  the  i 
iD  terma  of  weig 
raiaed  thruui{haat\ 


Huel  Towan 
Holmbush  . 
Fowey  Consols 


Ton*. 

7-02 
3-47 
9*16 


June,  1840. 
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XI. — On   Setting -out   Railway    Curves, 

By  CHARLES  BOURNS,  Assoc.  Inat  C.E.* 

Read  May  5tfa«  1840. 

Having  been  engaged  in  ranging  the  line  of  the  TafF  Vale  Rfiilway*  which 
from  the  nature  of  the  country  presented  circumstances  of  unusual  difficulty, 
rendering  it  necessary  to  use  curves  constantly,  and  to  vary  their  nwlii  and 
flexure  very  frequently,  my  attention  was  particularly  drawn  to  the  principles 
upon  which  the  practice  of  setting-out  a  line  was  founded,  so  as  to  preserve  a 
proper  continuity  of  curvature. 

Various  methods  have  been  hitherto  proposed,  none  of  which  appeared  to 
me  to  be  generally  practicable.  This  consideration,  and  the  necessity  for  faci- 
litating the  labours  of  the  field,  induced  me  to  investigate  the  subject;  and, 
with  tlie  assistance  of  my  friend  Mr.  Samuel  Downing,  1  have  been  enabled 
to  arrive  at  several  results  which  are,  I  trust,  not  unworthy  the  attention  of 
the  profession. 

It  is  not  possible  in  practice  to  have  a  line  of  railway  straight  throughout, 
nor  of  one  continuous  degree  of  curvature;  but  it  will  consist  of  a  system  of 
curves  and  straight  lines;  the  curves  being  not  uncommonly  of  contrary  flexure, 
and  of  different  radii. 

The  cases  of  most  frequent  occurrence  will  be  those  of  passing  from  a 
straight  line  into  a  curve,  or  from  a  curve  into  a  straight  line;  but  it  is  also 
sometimes  necessary  to  pass  from  one  curve  to  another  of  different  radius,  or 
through  a  point  requiring  a  change  of  flexure.  In  all  these  cases  the  con- 
nexion must  be  tangential;  that  is,  a  straight  line,  or  a  curve,  must  be  a  tangent 
to  the  succeeding  curve  or  straiglit  line,  at  the  point  of  junction.  The  ranging 
of  lines  on  this  princij)!e  may  l)e  made  to  depend  on  a  construction  of  simple 
geometry ;  whence  also  may  be  detcrniincd  the  offsets  whicli  arc  to  be  measured. 
So  that  the  whole  practice  of  ranging  a  line  will  be  performed  with  a  cliaiu, 
an  offset  -  staff,  and  a  few  ranging  poles.  The  following  propositions  will 
point  out  the  manner  in  which  this  is  Xo  be  effected. 
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Fig.  1. 


7O 


Proposition  I. 

"  To  set  out  a  curve  of  g^ven  radius." 
In  the  accompanying  figure  let  A  be  the  centre  of  the  circle,  a  segment  of 
which  is  to  be  set  out  \  F  E  dL  tangent  at  any  point  B ;  B  X,  B  C  equal 
chords ;  lei  B  D  he.  taken  equal  to  B  X,  and  join  D  and  C,  by  the  line 
cutting  the  tangent  in  E. 

Then  the  triangles  B  A  X,  B  A  C,  are  equal  and  similar  by  construction  ; 
also  the  triangles  D  B  Q  B  A  (7,  are  similar ;  forBE  being  a  tangent  to 
the  circle,  and  B  X^  B  C,  drawn  cutting  the  circle  from  the  point  of  con- 
tact, the  angles  X  B  F,  C  B  E  will  equal  the  angles  in  the  alternate 
segments  of  the  circle  [Euclid,  B.  iii.  Prop.  32] ;  that  is,  D  B  E  and 
C  B  E  equal  respectively  \  X  A  B^  and  ^  B  A  C,  the  angles  at  the  centre. 
Therefore  in  the  similar  triangles  B  A  C,  D  B  C 

AB  I    BC  ::    BC    :   DC; 
that  is,  radius  :  chord  ::  chord   :  offset, 

or,  offset  =  ^^ — - — - 
radius 

Hence  if  tlie  common  four-pole  chain  be  used  to  set  out  a  curve,  the  length 
of  the  offset  at  the  extremity  of  every  one  chain  chord  produced  will  be  known, 
and  the  point  in  the  periphery  marked,  from  the  preceding  simple  con- 
struction. 

Suppose  the  radius  of  the  curve  is  100  chains,  and  tlie  chord  one  chain  ; 
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then  reducing  all  to  inches  (the  statute  four-pole  chain  containing  792)  we 
have,  as  above — 

100  /  792  :  792  ::  792  :  ofTfiet  (=  7 '92). 

If  any  other  standard  of  measure  than  the  four-pole  chain  be  used  the 
radius  and  chord  must  be  expressed  accordingly.  Hence  whatever  chain  or 
standard  of  measure  is  used  we  have  the  following  rule  ; — 

"  Divide  the  number  of  inches  in  that  chain  by  the  number  of  stich  chains 
in  tlie  radius  of  the  curve,  and  the  quotient  will  be  the  oifset  required  in 
inches.** 


Practice. 

Let  it  be  required  to  set  out  a  curve  of  100  chains  radius. 

Stake  out  any  tangent  line,  ns  F  B ;  then  the  distance  of  the  point  C  from 
this  line  produced  to  £  (one  chain),  for  a  one-chain  cliord  of  the  curve,  will  be 
i  D  C,  OT  3*46  inches;  now  one  end  of  the  chain  being  held  at  B,  the  posi- 
tion of  the  other  end,  C,  will  be  ascertained  by  measuring  3 '46  inches  by 
means  of  an  offsct-staif,  from  the  j)oint  £.  That  is,  first  measure  one  chain's 
length  from  B  to  J5J,  and  mark  the  point  E,  by  a  pole,  or  otherwise,  and 
having  one  end  of  the  chain  held  at  B,  move  the  other  end  from  £,  in  the 
recjuired  direction,  viz.,  towards  C;  the  distance  E  C  being  at  the  same  time 
measured  by  an  offset-staff,  duly  divided  for  the  purpose. 

As  the  angle  B  E  C  \s  a  right  angle,  an  inconsiderable  error  is  incurred 
by  setting  out  an  isosceles,  instead  of  a  right-augled  triangle ;  but  this  would 
not  be  remedied  in  practice  by  setting  out  a  right  angle,  because  -B  -E  is  not 
truly  a  full  chain  in  length. 

The  first  point  being  deteniiined,  measure  one  chain  on  the  chord  B  C 
produced ;  that  is,  detennine  the  point  G^  and  if  the  end  C  is  held  fast, 
whilst  the  end  G  is  moved  to  H,  through  the  length  of  the  full  offset  due 
to  tlie  required  curve,  measured  with  the  staff  as  before,  the  point  H  is 
determined ;  and  if  C  //^  be  produced  to  /,  the  point  K  may  be  determined 
in  the  same  manner;  and  so  on,  by  this  simple  use  of  the  chain  and 
offset-staff. 

The  offsets  for  curves  of  radii  varying  from  5  to  320  chains  are  given  in 
a  table  at  the  end  of  this  paper  (p.  303). 
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Proposition  II. 

"  To  pass  from  a  straight  line  into  a  curve  of  given  radius." 
This  proposition  is  included  in  the  preceding,  supposing  F  £  to  be  the  line 
from  which  it  is  required  to  pass  into  the  curve  B  CH;  the  intermediate 
offset  to  the  point  C,  and  the  successive  points  H  Ky  &c.  may  be  detennined 
as  already  shown. 

Proposition  III. 

"  To  pass  from  a  curve  into  a  straight  line." 
Let  KCBy  Fig.  1,  be  the  curve  from  which  it  is  required  to  pass  into  the 
straight  line  B  F.  Produce  CBtaL,  that  is,  measure  one  chain  forward ;  and 
as  the  distance  Jj  M  equals  C  £,  let  that  distance,  viz.,  half  the  offset  of  the 
given  curve,  be  measured  in  the  required  direction,  as  before ;  when  the  line 
B  My  being  tangential  to  the  curve,  and  in  the  desired  direction,  may  be  pro- 
duced at  pleasure. 

Proposition  IV. 
"  To  pass  from  a  curve  of  given  radius  to  one  of  greater  or  less  radius." 


Fig.  2. 


/ 


Case  1. 

From  a  curve  of  gifen  to  one  of  less  radius,  as  from  the  curve  g  bd  to  the 
tangential  curve  a  bf,  of  less  radius. 

Proceeding  as  before,  the  offset  will  be  "  the  greater  offset  minus  half  the 
difference  of  the  offsets."  Thus,  in  Fig.  2,  if  the  chord  g  b  is  produced  to  e, 
the  offset  required  will  be  ef;  but  cf  equals  the  greater  offset,  ed  the  less, 
and  c  e  is  half  their  difference. 
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Case  2. 

From  a  curve  of  given  radius  to  one  of  greater  radius,  as  from  the  curve  a  bf 
(Fig.  2)  to  the  tangential  curve  gbd^  of  greater  radius. 

The  offset  at  the  point  of  change  will  be  "  the  less  offset  plus  half  the 
difference  of  the  offsets."  Thus,  in  Fig.  2,  if  the  chord  ab  is  produced  to  c, 
the  required  offset  will  he  cd,  which  equab  de  +  ec;  but  de  equals  the  less 
offset,  and  ec  half  the  difference  of  the  offsets. 

PROPOsrnoN  V. 
"  To  pass  from  i  curve  of  given  radius  and  flexure  into  one  of  contrary 
flexure." 


Case  1. 

From  a  curve  of  given  radius  to  one  of  greater. 

In  passing  out  of  the  curve  X  Y  into  the  tangential  curve  Y  O,  if  the  chord 

CYhe  produced  to  ^,  so  that  Y  Z  equals  C  Y,  then  the  distance  to  be  set  off 
will  be  Z  (? ;  but  as  has  been  already  shewn,  Z  Q  equals  half  the  offset  due 

to  the  curve  X  Y,  and  O  Q  half  that  of  the  curve  Y-  0 ;  hence  it  is  evident, 

that  at  the  extremity  of  the  first  chain  of  the  new  curve  it  is  necessary  to  set 

out  "  half  the  difference "  (or  perhaps  more  obviously,  "  the  difference  of 

the  halves")  "  of  the  respective  offsets  due  to  the  two  curves." 

When  passing  out  of  one  curve  into  another  of  greater  radius,  as  in  the 

present  case,  this  half  difference  must  be  set  out  "  in  the  same  direction  as  if 

proceeding  with  the  first  curve"  as  from  Z  to  O. 

S   8   2 


300 


MR.  BOURNS 


Case  2, 

From  a  curve  of  given  radius  to  one  of  less  radius. 

When  passing  out  of  the  curve  O  l^(Fig.  3}  into  the  curve  Y X;  if  the  chord 
OYhe  produced  to  Sy  so  that  Y  S  equals  O  Y,  the  distance  to  be  set  off  will 
be  5C,  which  again  is  "  half  the  difference  of  the  offsets; "  but  in  this  case 
it  is  evident  the  lialf  difference  must  be  set  out  "  on  the  same  side  as  the  suc- 
ceeding offsets  of  the  new  curve.^* 

Case  3. 

From  a  curve  of  given  radius  into  one  of  the  same  radius. 

In  this  case,  as  there  is  no  difference  of  offsets,  so  there  is  no  distance  to  be 
set  off,  and  "  the  two  chords  constitute  one  right  line,  a^s  PUT  (Fig.  3).  Of 
course  this  line  must  not  be  taken  at  either  a  greater  or  a  less  length  than 
double  the  chord  in  use. 

If  the  turn  at  Y  or  at  Z7  (Fig.  3.)  be  too  short  for  the  ground,  a  common 
tangent  should  be  interposed  between  the  cun'cs. 

Proposition  VI. 

"  To  set  out  a  curve  when  an  obstruction  occurs  at  a  given  point,"  as  at  t 
(Fig.  4). 

In  this  case,  as  it  is  inconvenient  at  the  point  i  to  set  out  the  usual  chord, 
let  any  other  cliord  be  taken,  as  a  c.  Then  b  a  being  the  one-cliain  chord,  let 
it  be  produced  to  z,  and  draw  ac  =  az;  from  the  point  a  draw  the  diameter 
af;  draw  c^and  bf,  and  the  chord  be;  bisect  the  arc  6c  in  A,  and  draw  the 
radii  ob,  o  A,  and  o c ;  draw  b  h  and  he;  make  h  x  equal  to  he;  draw  a d  equal 
to  ac;  connect  the  point  c  with  x,  z,  and  t/,  and  those  three  lines,  viz.,  ci, 
C2,  and  cy  will  be  in  continued  proportion  ;  so  that  having  found  the  first  and 
third  of  them,  the  second  being  a  mean  projwrtionaK  will  be  known  also. 

Now  bfa  and  afc  being  right-angled  triangles,  bf^==  ^  af^  —  a  6^, 
and  ef'=^  ,y  af^  —ac* ',  and  abfc  being  a  quadrilateral  inscribed  in  a 
circle,  the  rectangle  under  tlie  diagonals  is  equal  to  the  sum  of  tlio  rectangles 
under  its  opposite  sides  [Proposition  CX.,  Cooley's  Geometrical  Propositions]; 

ab  X  cf  -^  ac  x  b  f 


or  af  X  be^  ab  x  cf  •\-  ac  x  bf;  therefore  b  c  = 


^f 


In  the  right-angled  triangle  o  e  b,  ob  eqiials  the  radius,  b  e  equals  half  b  c. 
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.-«£.... 


,*'■ 


Fig.  4.     i 


■O 


and  oe  —  ^o  b^  —  6e«  ;  hence  oe,  and  consequently  e  h,  are  known;  and 
thus  c  I,  which  equals  twice  e  h,  is  found. 

The  angles  bac  and  b  he,  being  in  the  same  arc  of  the  circle,  are  equal ; 
therefore  their  complements,  caz  and  chx,  are  equal ;  but  those  complements 
are  respectively  the  vertical  angles  of  isosceles  triangles,  therefore  those  trian- 

gles  are  similar,  consequently  cxistocsascAistoca;  now  cx=  — r ,  and 

cA« 


ca' 


e  y  =z  [Proposition  1.  of  this  paper]  ;  that  is,  c  x 


cy 


ca- 
rad.   '  rad,' 

consequently  as  c  A*  is  to  c  a'  ;  but  ck^  :  c  a^  w  cx^  :  cz^;  therefore 
ex  :  eyy.  ex-  :  cz*;  then,  multiplying  the  means  and  the  extremes, 
ex  X  cz*  ="  cy  X  cx^,  and  dividing  both  sides  by  c  ar  we  have  cz^  =. 
cy  X  ex,  and  therefore  ex  :  cz  \  c y. 
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Practice. 

Suppose  ba  one  four-pole  chain,  and  az  two  chains  in  length;  and  the 
radius  100  chains  ;  then 

bf=  ^  158400='  — 792^  =  158398-02,  and 
c/=  v/^*^400'^- 1584^=  158392-08,  and 
a/x  he  =  ah  x  cf^  ac  ^  bf=  376,348,991  04  ;  and 

Theno  e  =  ^/oA*  -li7«  =  ^ 6.272,(>40,0U0  -  1,411,272*7209 
=  v^ 6,271,228,727-280  =  79,191 -089;  and 

cA— o/i-oc-=  79,200  -  79.191 '153  =  8-911  =  ^;  therefore 

cz  =  17-822,  and  cx^  =  317*624;  and  cy  (by  Proposition  I.)  =  31'68. 
But   ex       :      cy     ::      car*        :      c  z*,       therefore 

17-822    :    31-68::  317*624  :  564600;    and  the  square  root   of 
*564'600  is  24,  which  is  the  value  of  cc,  tho  offset  required. 

It  will  be  found,  by  a  similar  eomputiition,  that  the  offset  for  the  extremity 
of  the  next  following  one-chain  chord,  as  at  ^,  should  be  12  inches,  viz.,  half 
the  length  just  ascertained. 

If  the  chord,  instead  of  being  produced  two  chains'  length,  be  taken  half 
a  cliaiii  in  length,  then  the  offset  will  be  2  "97  inches ;  and  for  the  next  follow- 
ing full  chain  double  as  much,  or  5 '94  inches. 

It  will  l)e  perceived  tliat  the  offset  "  for  double  the  chord,  is  rather  more 
than  three  times  the  offset  for  the  one-chain  chord ;"  and  "  that  for  the  half 
chord,  rather  more  than  one-third  of  the  usual  offset."  Hence  it  appears  that, 
practically  speaking,  a  good  approximation  only  can  be  arrived  at,  if  the  usual 
lengtli  of  cliord  be  departed  from.  For  permanent  work,  therefore,  all  obstruc- 
tions should  l>e  removed,  previously  to  setting-out  the  curves  of  a  line  of 
railway. 
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SEGMENTAL   CURVES. 
Table  of  Offsets  for  each  Onb-Cbain  Chord  Produced. 


Chaioi 
Radioi. 

Ofibeta. 

ChaiDi 
Radiui. 

Offseu. 

Chftini 
Radiui. 

Offseti. 

ft. 

to. 

ft. 

in. 

ft. 

ID. 

5    = 

13 

2-4 

29    = 

2 

3*3 

70  = 

0 

11-3 

6    = 

11 

0  0 

30   = 

2 

2-4 

75   = 

0  10-6 

1    = 

9 

5-1 

31    = 

2 

1*6 

80   = 

0 

9-9 

8    = 

8 

3-0 

32   = 

2 

0-8 

85   = 

0 

9-3 

9   = 

7 

4-0 

33    =: 

2 

0-0 

90    = 

0 

8-8 

10   = 

6 

7-2 

34    = 

11-3 

95    = 

0 

8-3 

n  = 

6 

00 

35    = 

10-6 

100    =r 

0 

7-9 

12  = 

5 

60 

36   =r 

10-0 

110    = 

0 

7-2 

13   = 

5 

0-9 

37    = 

9-4 

120    =: 

0 

6-6 

14    = 

4 

8-6 

38    = 

8-8 

130   = 

0 

6-1 

15    = 

4 

4-8 

39   = 

8-3 

140   = 

0 

5-6 

16  = 

4 

1-5 

40    = 

7-8 

150   = 

0 

5*3 

n  = 

3 

10-6 

42   = 

6-9 

160   = 

0 

4-9 

18    = 

3 

8-0 

44   = 

6-0 

170   = 

0 

4-6 

19   = 

3 

57 

46   = 

5-2 

180   = 

0 

4  4 

20   = 

3 

3-6 

48    = 

4-5 

190   = 

0 

4*2 

21    = 

3 

1-7 

50   = 

3-8 

200   = 

0 

3-9 

22    = 

3 

0-0 

52   = 

3-2 

220   = 

0 

3-6 

23   = 

2 

10-4 

54   = 

27 

240    = 

0 

3-3 

24   = 

2 

9-0 

56   = 

2-1 

260  = 

0 

30 

25   = 

2 

7-7 

58   = 

1 

1-7 

280   = 

0 

2-8 

26   = 

2 

6-5 

60   = 

1*2 

300    = 

0 

2-6 

27    = 

2 

5-3 

65   = 

0-2 

320    = 

0 

2  5 

28  = 

2 

4-3 
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XIL—On  the  Locomotive  Engines  of  the  London  and  Birtuinghatn  Railway. 

By  EDWARD  BURY,  M.  Inst.  C.  E. 
ReadMtirch  lltli,  1840. 

By  the  permission  of  tlie  Board  of  Directors  of  the  London  and  Birmingham 
Railway,  I  am  enabled  to  furnish  the  Institution  of  Civil  Engineers  with  the 
four  Half-yearly  Returns  of  the  Locomotive  department,  on  tlieir  line,  Itetween 
January  1839  and  December  1840. 

These  returns  are  accompanied  by  a  drawing  of  the  Locomotive  Engines 
to  which  they  refer,  with  details  of  the  principal  parts ;  and  as  the  quantity  of 
coke  consumed,  as  well  as  the  cost  of  repairs,  is  much  less  than  usual  (which 
may,  I  conceive,  be  attributed  to  the  system  followed  in  the  construction  of 
the  engines),  I  would  make  some  observations  upon  those  parts  in  which  they 
more  essentially  differ  from  other  locomotives.  The  first  tabular  statement  of 
the  performances  of  the  engines  is  for  the  half-year  ending  30th  June  1839; 
it  gives  for  each  engine  the  number  of  miles  it  has  passed  over ;  the  load  con- 
veyed, with  the  detailed  cost  of  transport;  the  charges  whicli  cannot  be  fixed 
on  any  particular  engine  being  proportioned  among  them.  In  the  second  half- 
year,  ending  the  31st  December  1839,  in  addition  to  these  particulars,  is  pre- 
sented the  distance  performed  by  each  engine  from  the  time  it  first  com- 
menced working,  together  with  the  total  repairs  it  has  undergone  during  that 
period.  It  also  shews  the  time  it  has  been  actually  in  motion  during  the  periods 
named.  The  third  and  fourth  returns  are  each  preceded  by  a  table,  shewing 
the  repairs  the  engines  have  undergone  since  the  opening  of  the  railway,  as 
compared  >vith  the  work  they  have  performed.  These  accoxmts  differ  in  form 
from  the  two  preceding ;  they  are  much  more  detailed,  and  the  engines  of 
similar  size  and  construction  are  classed  together,  so  that  tlie  necessity  of  an 
account  for  each  engine  is  avoided. 

The  London  and  Birmingham  Railway  is  supplied  in  London  with  good 
coke  made  from  Newcastle  coal  ;  but  that  obtained  at  Birmingham,  from  the 
Staffordshire  coal,  is  of  an    inferior  quality.     For  this  reason  the  accounts 
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of  the  two    kinds  of  coke   are  kept   separate   in    the    t^vo   first    half-yearly 
returns. 

During  the  whole  of  the  year  1839  the  average 


QwBtlty  or  Cokv  Qiwnlily  rtf  Oi>k« 

otHMomed  p«r  Mile 


For  Pilssenser  Engine 


run  by  \ho  Kdj^eic. 

38 -78  lbs. 


For  Merchandize  Engrine  42 ' 


I  ner 
cuQVfvcMl  1  Mile. 

0- 86  lbs. 
0*56  lbs. 


Co*t  of  It«p<iln 

pi-t  Uitr  Tuo 
by  tbc  Eaglno. 

2 '  5 1  pence, 
2  •  1    pence. 


Co(t  of  lUpalrt 

|tpr  Ton 
eODi«}Cil  1  Mil« 
bjrltw  linfbi«. 

0  *  55  pence. 
0 '  28  pence. 

Wlien  comjiared  with  similar  results  obtained  on  other  railroads,  these  returns 
exhibit  a  great  economy  in  both  items,  wliicli  I  attrilnite  cliiefly  to  the  shape 
of  the  fire-box,  to  the  inside  framing,  and  to  the  use  of  four  wheels  instead 
of  six. 

The  first  engine  which  1  made  upon  this  construction  was  the  "  Liverpool;" 
it  was  commenced  in  October  1829,  and  set  to  work  on  the  Liverpool  and 
Manchester  Railway  iu  July  1830;  since  that  period  many  improvements  in 
the  details  have  been  introduced,  but  the  general  plan  of  construction  has  been 
steadily  adhered  to. 

Tiut  Boiler.  TIic  most  esscntial  requisites  in  a  locomotive  boiler  are,  a  great 
extent  of  heating  surface  iu  a  small  compass,  and  the  arraugement  of  that 
surface  so  as  to  cause  and  promote  a  rapid  circulation  of  the  water.  These 
principles  have  been  kept  in  view  in  the  disposition  of  the  tubes  and  the  shape 
of  the  fire-box. 

*^'"wrtir  "*  T'I'c  central  tubes  and  the  centre  of  the  fire-box  are  nearest  to  the 
surface  of  the  water,  which  is  consequently  hottest  and  lightest  above  those 
parts,  and  towards  them  the  particles  of  water  or  globules  of  steam  will  rush ; 
the  outer  tubes  and  sides  of  the  fire-box  being  lower,  and  consequently  cooler, 
establish  a  return  current  of  the  colder  particles  of  water  from  the  centre 
towards  the  sides  and  bottom  of  the  boiler. 

pinsTabw.  This  arrangement  of  the  upper  row  of  tubes  has  also  the  advan- 
tage of  preventing  any  of  them  from  being  uncovered  when  the  engine  is 
travelliug  on  sharp  curves,  where  the  centrifugal  force  throws  the  ^vater  to  one 
side  of  the  boiler. 

Fiw-ite,  llie  fire-box  is  cylindrical,  with  its  back  flattened  to  receive  the 
ends  of  the  tubes :  its  top  is  a  sphere  merging  into  a  cylinder  or  elongated 
cone,  and  all  tlie  curves  are  such  as  to  enable  tiie  plates  to  resist  the  pressure 
of  the  steam  without  the  assistance  of  ribs  or  stays,  which  so  materially  prevent 
the  circulation  of  the  water  over  square  fire-boxes.    The  cylindrical-shaped  fire- 
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box  possesses  a  g^f^at  sxiperiority  over  a  square  one,  inasmuch  as  the  corners,  in 
which  the  combustion  is  always  languid,  are  avoided. 

"^TibJi**"  A  lead-plug  is  placed  at  the  culminant  point  of  the  dome-shaped 
top,  and  will  therefore  melt  before  any  otlier  part  of  the  fire-box  is  left  dry : 
in  a  fire-lx)x  with  a  flat  top  this  would  only  occur  when  the  whole  was  dry 
and  probably  injured. 

The  fire-box  is  made  of  wrought  iron  three-eighths  of  an  inch  thick,  except 
the  tube  plate,  which  is  half  an  inch  thick.  The  joints  are  welded  wherever 
they  are  in  contact  with  the  burning  fuel,  as  a  rivetted  joint,  from  its  present- 
ing a  double  thickness  of  metal,  will  not  long  resist  the  intense  heat  to  which 
it  is  exposed.  If  it  were  made  of  copper  instead  of  iron  the  thickness  of  the 
metal  must  be  greater,  and  the  weight  would  be  increased ;  and  it  will  be  seen, 
in  a  comparison  of  the  engines  having  four  and  six  wheels,  that  the  lightness 
of  the  iron  fire-box  is  a  point  of  considerable  importance. 

JSCriSd^kl.  It  is  practically  found  that  the  passenger  engine  consumes  75, 
and  tlie  merchandize  engine  85  cubic  feet  of  water  per  hour.  Tliis  quantity 
is  greater  tlian  that  calculated  from  the  steam's  elasticity  in  the  cylinders, 
and  from  the  number  of  cylinders  filled,  and  emptied,  at  the  respective  mean 
velocity  of  30  miles  per  hour  for  the  |)a.ssenger,  and  25  miles  per  hour  for  the 
merchandize  engine.  The  difference  is  owing  to  the  escape  of  steam  through 
the  safety-valves,  and  to  the  occasional  slippiug  of  the  wheels  on  the  rails 
when  the  load  is  heavy. 

Hence  the  superficial  heating  surface  to  evaporate  one  cubic  foot  of  water  in 
an  hour,  will  be  in  the  boiler  of  the  passenger  engine  5' 6  square  feet,  and  in  the 
boiler  of  the  merchandize  engine  6  •  square  feet  of  heated  surface.  This  is  nearly 
double  the  effect  produced  in  stationary  boilers,  and  yet  the  result  is  obtHined 
without  any  considerable  sacrifice  of  fuel ;  for,  including  all  the  coke  which  is 
wasted  throughout  the  year,  when  the  fires  are*lrawn  or  lighted,  and  that  which 
is  used  in  the  workshops,  &c.  the  merchandize  engines  only  consume  12  lbs., 
and  tlie  passenger  engines  15  lbs.  of  coke  per  cubic  foot  of  water  evaporated. 

Taken  together,  these  results  ai'e  superior  to  any  thing  that  has  been 
obtained  from  long  trials  of  any  other  description  of  locomotive  lioiler. 

.MtMm  RiviUtor.  Tlic  othcr  parts  coimected  with  the  boiler  which  diiFer  from  the 
usual  mode  of  construction  are  the  steam  cock,  or  regulator.  This  is  shewn 
in  detail  in  the  Figures  1,  2,  and  3,  drawn  to  a  scale  of  three  inches  to 
one  foot. 

T  T  2 
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Figure  1  gives  a  view  of  the  plug  or  valve,  wliich,  when  closed,  fits  into 
the  seat  e  of  Figure  3.  It  is  provided  with  a  handle  (shewn  broken  at  f)hy 
which  it  can  be  turned  round  a  quarter  of  a  circle;  a  groove,  or  screw  thread, 
of  a  four-inch  pitch,  is  cut  upon  it  at  a,  and  when  in  its  place  the  stud  b  is 
fitted  into  it.  By  this  means,  when  the  plug  is  made  to  revolve  a  quarter  of 
a  circle,  the  face  e  is  drawn  back  one  inch  from  its  seat,  leaving  eleven  square 
inches  of  passage  for  the  steam,  which  flows  in  the  direction  of  the  curved 
arrow,  without  the  passage  being  at  all  throttled  or  obstructed.  When  it  is 
necessary  to  throttle  the  steam,  the  handle  is  fixed  at  any  required  angle 
between  the  points  marked  "  0]>en'*  and  **  shut,"  so  that  the  steam-way  is 
then  accumtely  in  proportion  with  that  angle. 

Figure  2  represents  the  mode  of  fixing  the  stud  b  in  the  groove  a. 


Fig.   I. 


Fig.  2. 


Fig.  3. 


hmPipe, 
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When  the  valve  e  is  in  its  "  seating,"  and  the  handle  turned  to  "  shut" 
in  the  quadrant,  the  stud  b  is  dropped  tlirough  a  hole,  wliich  it  fits  accurately, 
a«  well  as  into  the  groove  a,  which  is  seen  opposite  the  hole ;  at  the  hack  of 
the  stud  b  are  placed  a  strip  of  canvas  and  one  of  tin,  and  over  them  is  driven 
a  dove-tailed  wedge  c,  which  pressing  on  the  elastic  canvas  renders  the  whole 
steam-tight. 

This  regulator  enables  the  engine  driver  to  govern  the  supply  of  steam 
with  great  precision,  and  it  is  not  liable  to  get  out  of  repair. 

PDCMPuii.p.  The  section  of  the  coupled  engine  (Plate  I.)  shews  a  longitudinal 
section  tJirough  die  pump,  and  Figures  4  and  5  (p.  310)  are  two  transverse 
sections  of  it. 

Figure  4,  k  is  the  working  barrel,  %  is  an  intermediate  pipe  connect- 
ing it  to  the  valve-box,  and  g  is  the  delivery  pipe  fixed  to  the  side  of  the 
boiler. 

k  is  the  inside  frame,  to  which  the  pump  is  firmly  secured ;  all  the  valves 
are  the  ordinary  "  clack-valves,"  d  being  an  additional  one  to  prevent  any 
possibility  of  the  return  bf  hot  water  into  the  pump.  The  rod  /  is  used  to 
force  the  valve  a  into  its  seat,  should  the  valve  b  not  work  perfectly  tight : 
the  small  cock  f  is  placed  to  ascertain  if  the  flow  of  water  into  the  pump  is 
perfect. 

Figure  5  is  a  section  through  the  suction -valve,  the  play  of  the  valve  being 
limited  by  the  piece  e. 

Tlie  pump  is  so  constructed  that  any  of  the  valves  can  be  examined  or 
replaced  in  a  few  minutes,  and  one  of  the  pumps  is  more  than  sufiicient  for 
the  supply  of  the  boiler. 

The  Framtait.  The  dctailcd  drawing  of  the  frame  of  the  13-inch  coupled  engine 
(Plate  11.)  shews  the  manner  in  which  it  connects  all  tlie  parts  of  the  engine 
and  boiler  together.  {See  the  description  of  Plate  11.,  p.  317.) 

Next  to  a  good  boiler,  which  governs  the  economy  of  fuel,  the  most  im- 
portant point  in  the  construction  of  a  locomotive  (inasmuch  as  it  most  mate- 
rially influences  the  cost  of  repair)  is  to  connect  all  the  parts  firmly  together 
by  a  strong  and  well-arranged  framing,  so  that  they  shall  retain  tlieir  relative 
positions  when  the  engine  is  in  motion,  and  that  it  shall  receive  and  bear  the 
strain  and  the  concussions  to  which  every  part  is  subject.  The  inside  framing 
possesses  a  great  superiority,   in  this  respect,  over  the  outside  framing,  as  it 
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forms  a  stronger  and  raore  direct  connexion  between  tlie  cylinder,  the  cranked 
axle,  and  all  the  moving  parts ;  and  it  bears  all  the  strain  of  the  engine  with- 
out throwing  any  portion  of  it  on  tlie  boiler,  as  is  the  case  with  the  outside 
framing. 

JS^^^^vl^il  The-se  advantages  are  l^est  described  by  comparing  it  with 
the  ordinary  outside  framing  when  submitted  to  the  principal  strains  which  it 
has  to  resist. 

The  most  important  is  that  caused  by  the  whole  power  of  the  engine  acting 
as  a  direct  strain  upon  the  crank  as  it  passes  over  either  centre. 

With  the  inside  framing  the  centre  line  of  the  connecting  rod  is  only  ten 
inches  distant  from  tlie  centre  line  of  the  frame,  and  the  total  distance  between 
the  bearings  is  43^  inches;  but  where  the  framing  is  outside  the  wheels,  these 
dimensions  are  necessarily  20  inches  and  72  inches  respectively,  and  the  effect 
of  the  strain  on  the  crank  in  this  case  would  be  to  its  effect  with  the  inside 
framing  as  14  is  to  8. 

For  this  reason,  when  the  principal  frame  is  placed  outside  the  wheels,  it 
becomes  necessary  to  have  an  additional  inside  framing,  to  prevent  the  fracture 
of  the  axle ;  these  additional  inside  frames  not  only  cause  an  increase  of  fric- 
tion on  the  bearings  of  the  cranked  axle,  but  also  throw  a  considerable  strain 
on  the  l)oiler,  wliicli  then  becomes  the  medium  of  connexion  between  the 
inside  and  outside  frames,  the  inside  frames  being  fixed  at  one  end  to  the 
bottom  of  the  smoke-box,  and  at  the  other  end  to  the  fire-box ;  while  the  prin- 
cipal frame  is  attached  by  long  brackets  to  the  body  of  the  boiler. 

Tlie  fact  that  the  use  of  four  additional  inside  frames  occasions  six  bearings 
on  the  axle  (that  axle  being  only  six  feet  long),  renders  the  sj'stem  of  principal 
outside  framings  so  objectionable,  that  that  circumstance  alone  should  suffice 
to  cause  their  rejection ;  for  it  is  well  known  to  practical  men,  that  it  is  impos- 
sible to  key  BO  many  bearings  perfectly  true,  and  to  maintain  them  so,  when 
the  engine  is  working ;  and  even  if  this  precision  were  attained,  the  aggregate 
friction  on  the  four  inside  and  the  two  outside  bearings  would  be  mucii 
greater  than  when  it  is  all  thrown  upon  two  bearing's ;  because  in  the  first 
place  all  the  friction  due  to  the  weight  of  the  boiler  is  borne  by  the  two  out- 
side bearings  alone,  and  that  which  results  from  the  pressure  of  the  steam, 
through  the  milium  of  the  connecting  rod,  is  thrown  upon  the  four  inside 
bearings ;  the  pressure  on  the  outside  l»earings  is  vertical,  and  the  mean  pres- 
sure on  the  inside  bearings  is  nearly  horizontal.     So  that  if,  instead  of  acting 
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separately,  these  two  amounts  of  pressure  were  thrown  on  the  same  bearings, 
the  friction  would  only  fy;  due  to  the  resultant  of  the  pressures,  and  would 
consequently  be  much  reduced. 

^"^i^%!^  The  friction  on  the  cranked  axle,  having  only  two  bearings,  as 
where  a  single  inside  frame  is  used,  will  be,  under  ordinary  circumstances, 
due  to  the  resultant  of  the  vertical  and  horizontal  pressures,  or*^ 

^  I-2646'  +  3000'  =  13000  lbs.  =  1625  lbs. 
8  8 

In  addition  to  tlie  friction  resulting  from  these  forces  there  is  a  considerable 
pressure  on  the  bearings,  arising  from  the  tightness  of  the  brasses  ;  and  it  is 
evident  that  the  friction  arising  from  this  cause  will  be  three  times  greater 
with  six  than  with  two  bearings. 

**'"a»u1'*"'  Another  important  feature  is  the  strain  to  wiiich  locomotive 
engines  are  liable,  from  the  pressing  or  striking  of  the  flanges  of  the  wheels 
against  the  rail  when  travelling  on  a  curve.  In  engines  with  the  bearings 
inside  the  wheels,  the  weight  of  the  boiler  lias  a  tendency  to  bend  the  axle 
down  in  the  centre;  while  the  pressure  of  the  flange  against  the  rail  acts 
upon  it  in  a  contrary  direction,  and  thus  one  strain  counteracts  the  effect  of 
the  other.  If  the  bearing  is  outside  the  wheel,  tlie  Aveight  of  the  boiler  tends 
to  bend  the  axle  upwards,  and  a  strain  on  the  flange  of  the  wheel  acts  in  the 
same  direction  and  iu  addition  to  it. 

The  position  of  the  bearings  inside  the  wheels  is  of  great  practical  advan- 
tage in  case  of  the  fracture  of  the  cranked  axle,  as  the  weight  on  the  bearings 
presses  the  flange  of  the  wheel  against  the  rail  and  assists  the  length  of  the 
journal  in  keeping  it  from  being  tlirown  off' the  rails.  Instances  have  occurred 
on  the  London  and  Birmingham  Railway,  when  an  axle  has  broken,  that  not 
only  have  the  wheels  remained  on  the  rails,  but  the  driver  has  been  enabled  to 
proceed  with  the  train  to  the  nearest  station. 

*''rJI»iDl[.""'  The  stiffness  of  the  single  inside  framing  is  not  only  a  remedy 
against  the  excessive  wear  and  tear  which  is  consequent  on  a  less  perfect  union 
between  the  parts  of  the  engine,  but  its  simplicity  allows  the  whole  machinery 
to  be  arranged  in  a  more  compact  form  and  eonstnicted  with  greater  solidity. 
The  valve  gear  is  much  simpler  in  its  construction,  and  the  engine  driver, 
while  standing  on  the  foot-plate,  can  inspect  tlie  whole  of  the  macliine,  and 
detect  any  derangement  requiring  his  attention. 
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Th.  BiMoirte*.  The  four  excentrics  are  placed  side  by  side,  and  are  firmlv  con- 
nected togetlier  by  holts  and  snugs,  so  timt  the  angle  at  which  each  is  fixed 
cannot  var)\  This  angle  is  governed  in  some  measure  l)y  the  natnrc  of  the 
work  the  engine  is  destined  to  jierfomi.  On  tlie  London  and  Birminghfun 
Railway  the  excentrics  are  generally  so  placed  as  to  cut  oft'  the  steam  when 
the  piston  is  witliin  'J»  inches  from  the  end  of  the  stroke. 


On  the  relative  Advantages  op  Four  and  Six  Wheels. 

*^«ii!;^w  E^^i'n"'*  It  is  admitted  that  a  locomotive  engine  should  be  as  light 
as  is  consistent  with  great  strength,  simple  in  its  construction,  be  composed 
of  as  few  parts  as  possible,  and  that  the  greatest  regard  is  to  be  liad  to  the 
diminution  of  friction ;  such  being  the  case,  it  is  obvious  that  four  wheels 
must  be  preferable  to  six,  provided  that  they  caiT}'  the  engine  equally  well. 

The  use  of  six  wheels  originated  in  the  necessity  of  supj>orting  the  large 
and  heavy  fire-box  of  the  engine,  which  was  not  sufficiently  balanced  by  the 
smoke-box  end ;  no  such  necessity  exists  in  the  locomotives  of  the  London 
and  Birmingham  Railway,  as  tlie  weight  is  nearly  equally  distributed  on  the 
fi*ont  and  hind  wheels,  and  not  only  would  two  additional  wheels  be  useless, 
but  they  would  be  prejudicial,  especially  when  the  engines  are  travelling 
upon  curves. 

A  four-wheeled  engine,  travelling  upon  a  curve,  is  driven,  by  the  direct 
application  of  the  moving  power,  towards  tlie  outside  of  the  curve;  but  as  the 
wheels  are  rather  conical,  the  larger  tHanieter  of  the  cone  will  ride  on  the 
outside  rail,  while  the  smaller  diameter  of  the  opposite  wheel  will  bear  on  the 
inside  rail,  and  this  difference  (as  the  outside  rail  is  longer  titan  the  inside 
one)  will  allow  both  the  wheels  to  revolve  without  slijiping  or  grinding. 

With  an  engine  upon  six  wheels,  if  the  two  leading  wJieels  assumed  this 
position,  the  others  would  necessarily  be  dragged  after  them ;  but  a  still  more 
important  case  is,  that  the  angle  which  the  centre  line  of  the  locomotive  forms 
with  tlie  tangent  of  the  curve  in  which  it  is  caused  to  move,  is  much  greater 
with  six  wheels  than  with  four ;  so  that  the  flange  of  the  wheel  presses  more 
j^rainst  the  rail  with  the  former  than  with  the  latter  engpine. 

The  pressure  against  the  outside  rail  arising  from  this  cause,  will  be  in 
direct  proportion  to  the  distance  l>etween  the  front  an<l  hind  axle  of  either 
engine,  so  that  it  will  be  nearly  as  10   :  6.     This  pressure  and  consequent 
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friction  is  still  further  increased  by  the  action  of  the  middle  wheel,  which  tends 
to  ride  on  tho  same  curve  as  the  front  and  hind  wheels;  but  is  prevented  from 
doing  so  by  Ijeing  in  a  straight  line  between  the  two,  and  is  thus  forced  to 
move  laterally  between  the  chord  and  the  circumference  of  the  curve.  The 
friction  arising  from  this  lateral  motion  further  presses  the  engine  against  the 
outside  rail.  Thus  the  four-wheeled  locomotive  has  in  proportion  a  greater 
weight  on  the  front  wheels,  it  presses  less  against  the  outside  rail,  and  offers 
mucli  less  friction  when  travelling  on  curves — hence  it  has  less  tendency  to 
be  thrown  off  the  rails;  it  is  simple  in  its  construction,  less  expensive  in 
repaii*s  on  account  of  this  simplicity,  and  its  durability,  as  shewn  in  the  accom- 
panying Tables  of  the  duty  performed,  and  the  small  cost  of  it,  fully  justifies 
the  preference  given  by  the  Directors  of  the  London  and  Birmingham  Railway 
to  this  description  of  engine. 


Liverpool,  1840. 


EDWARD  BURY. 
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DESCRIPTION  OF  PLATE  I. 


The  Plate  reprcseDts  the  Merchandize  Engine,  with  cylioden  13  inches  diameter,  and  coupled 

wheels. 
Fig.  1.  Is  a  sectiunal  elevation. 

Fig.  2.  A  sectional  plan,  the  line  xx  shewing  the  principal  line  of  section  followed  in  Fig.  1. 
Fig.  3.  A  transverse  section  through  the  smoke-lwx. 

To  render  the  drawing  more  complete,  several  parts  are  shewn  iu  each  figure  which  do  not 

come  into  view  on  the  line  of  sectioa. 
The  letters  of  reference  correspond  iu  all  the  figures. 
A    The  firebox. 

B   The  fire-tubes ;  there  arc  96  tubos,  2  inches  diameter  each,  and  9  feet  long. 
C    The  smoke-box. 
D    The  regulator. 

E    The  steam  pipe,  3^  inches  diameter. 

F  The  safety-valve  and  spring  pressure  gauge,  2}  inches  diameter, 
G   The  locked-tip  safety'Vulvc,  2|  inches  diameter. 
H  The  damper. 
/     The  buffer  bar. 
J    The  steam  whisile. 

L    The  steam  cylinders,  13  inches  diameter,  18  inches  stroke. 
M  The  force>puraps,  plunger  2  inches  diameter,  18  iuches  stroke. 
S  The  cranked  axle  ;  ihc  journuls  arc  5  inches  diameter  and  7  inches  long,  the  bearing  of  eacli 

crank  is  5i^  inches  diameter  and  3^  inches  long. 
0  The  connecting  rods,  oval-shaped,  2  inches  by  2^. 
P  The  axle  of  the  front  wheels,  4J  inches  diameter. 

Q  The  springs.— The  springs  for  the  cranked  axle  are  composed  of  16  plates,  t<^cther  4^  inches 
deep  at  the  centre;  those  fur  the  front  axle  are  composed  of  10  plates,  together  3^  inches 
deep  at  the  centre, 
a  a  The  steam  pistons,  of  gun  metal.    The  packing  cotrsists  of  2  rings  of  cast  iron  segments  forced 
outwards  by  brass  wedges  and  steel  springs.    The  piston-rods  are  2  inches  diameter. 
h     The  inlet  passages  for  the  steam,  1^x6^  inches. 
c     The  outlet  passage  for  the  steam  1^  X  6^  inches. 
d     The  slide-valves. 

rf'  The  slide-valve  rods,  1  inch  diameter. 
e     The  pendulum  rods,  for  carrying  the  ends  of  the  excentrics. 
/    The  shaft,  to  which  the  excentric  levers  are  fixed. 
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g  The  shaft  cnnnecting  the  motion  of  the  lever  A,  and  the  rod  i,  to  the  shaft. 

h  The  guides  for  the  piston-rods. 

i  Steadying  pieces  for  the  guides. 

j  Shaft  carrying  the  steadying  pieces. 

k  I  The  rods  for  moving  the  slide-valves. 

k'  H  The  levers  of  the  hand-gear. 

m  The  shaft  carrying  the  valve  trappings. 

n  The  lever  for  working  the  valves. 

n'  The  lever  worked  by  the  excentrics. 

p  The  excentrics  for  the  retrograde  motion. 

q  The  excentrics  for  the  advancing  motion. 

r  The  pipes  (2  inches  diameter)  connecting  the  force-pumps  with  the  tenders. 

s  The  cock  for  letting  the  water  out  of  the  boiler. 

/  The  rods  (H  i^ch  diameter)  for  coupling  t(^ether  the  front  wheels  and  the  driving  wheels. 

u  A  lead  plug  at  the  top  of  the  6re-box. 
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LONDON  AND  BIRMINGHAM  RAILWAY  LOCOMOTIVE  EXPENDITURE, 

From  lat  January  to  30th  June  1839. 

PASSENGER  ENGINES. 
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( tn  tarkir  .1 . 

Tulol 
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3fK)  16 

6 

2454 

10     4 

7 

, , 

10 

5G56 

276,108 

1821 

199 

2020 

194  10 

9 

1574 

6  11 

3 

I 

4     3 

11 

4672 

201,036 

1529 

415 

1944 

179     3 

0 
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11     9 
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-{continued). 
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•114 

3-77 

•077 

18-52 

■379 

^^^^^H 

U 

409  17 

2-09 

46-60 

1-083 

9-20 

•213   t   *070 

•164 

3' 13 

■072 

21-05 

•489 

^^^^^^B 

12 

434     5 

1*58 

48-30 

11G3 
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^^^^^^1 

31 

439     7 

5  52 

36-53 

•792 

7  54 

•169 

•053 

'lie 

6- 10 

•132 

20  54 

■445 

^^^^^H 

32 

432     7 

2' 30 

39-76 

•832 

8-22 

173 

•056 

-119 

2-43 

•052 

16-50 

•349 

^^^^^H 

33 

385     5 

216 

40-64 

•942 

7-62 

•177 

-050 

-118 

3-94 

•091 

1839 

•4*28 

1 

^^^^^H 

34 

431     6 

3*58 

39-36 

1-026 

7-32 

191 

067 

•173 

1-74 

045 

15-58 

406 

1 

^^^^^H 

35 

361     2 

3-48 

41-40 

•825 

7  76 

•154 

■056 

■112 

3-73 

•074  1 

18-51 

-368 

1 

H 

36 

559     3 

8-83 

36-88 

•863 

7- 

164 

-058 
•053 

•137 

2-33 

•054 

15-21 

-356 

1 

16,113     1 

7   44 

37-78 

-872 

7-49 

•173 

•121 

212 

049 

13-27 

-352 

t 
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London  and 

BiRMiNcnAU  Railway  Locomotive  ExpRNotTURR,  from  Ist 

January  tu  30th  June 

1839, 

inclusive 

— {continued). 

MERCHANDIZE  ENGINES. 

CX)KB. 

31 L. 

Niunbvr 

Eiicia*. 

MflM  Run. 

1  Mila. 

Hum  Hipra 

Lond<m 

Ulrmlngtuiti 

(UotKl> 

(iDfvrhir). 

Totai. 

Cart. 

QHUfB. 

Coit. 

c*u 

Cw1» 

Owl». 

C.       *. 

tl. 

C     :    4. 

K.      :     d. 

61 

1900 

173,778 

720 

91 

811 

77  13 

9 

56 

2    6    8 

0    9    6 

62 

5910 

507,306 

1658 

514 

2172 

197  17 

0 

181i 

7  11     3 

0  16     6 

63 

3562 

275,362 

985 

399 

1384 

123     8 

9 

133 

5  10  10 

0  10     6 

6t 

2(M8 

22K172 

717 

142 

859 

80  11 

6 

62^ 

2  12     1 

, , 

65 

5*262 

381,068 

1432 

591 

2023 

180     2 

9 

162 

6  15     0 

1    13     0 

1  66 

5658 

503,694 

1708 

596 

2304 

2tl9     I 

0 

159i 

6  12  11 

1   13     0 

f  67 

1641 

211,756 

595 

61 

656 

63     6 

3 

49 

2     0  10 

0  19     0 

68 

2280 

118,S00 

613 

200 

813 

73  16 

0 

66h 

2  15     5 

. . 

69 

680 

182,392 

885 

158 

1043 

98     7 

6 

81 

3     7     6 

. . 

70 

7678 

484.364 

2045 

648 

2693 

245     4 

6 

217 

9     0  10 

0  16     6 

71 

4380 

194,400 

967 

408 

1375 

122     9 

10 

96 

4     0     0 

, , 

72 

1980 

93.210 

443 

188 

631 

56     7 

7 

44. i 

1    17     1 

, . 

73 

1260 

57,600 

301 

125 

426 

37   18 

3 

35 

1     9    2 

,  , 

79 

2115 

171,824 

914 

239 

1153 

106    6 

9 

61 

2   10   10 

0  16    6 

80 

3875 

371.260 

1521 

152 

1673 

161   10 

0 

114 

4  15     0 

. , 

SI 

2957 

312,516 

1000 

124 

1124 

107  15 

0 

82 

3     8     4 

1     1     0 

82 

3046 

359.758 

1142 

135 

1277 

122  12 

9 

63} 

3     9     7 

0  10    6 

83 

2398 

240,408 

956 

76 

1032 

100     7 

0 

69 

2  17     6 

0  19    0 

84 

4808 

434,432 

1718 

187 

1905 

183     9 

9 

lis 

4  18     4 

0  10    6 

65438 

5,295,100 

20.320  1       5034 

1 

25,354  i  2348     5 

U 

1871 

77  19    2 

10  15    6 
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^^^^^^^F          OP  THE  LONDON  AND  BXAXINOHAU  RAILWAY. 

^^^^^^^H 

fsom  lat  Juiuuy  to  30th  June  1839 

,  inclusive — {continued). 

^^^^^^^^^1 

BNGINES. 

■ 

AVEa.\Gfi  OP  coke:. 

AVERAGE  OF 
OIL. 

COST  OP 
REPAIRS. 

-TOTAL  COST. 

Wni|htl 

Cm. 

ftr  Mile 

Pot  Tan 

Vmt  Mile 

I*«r  Ton 

P«r  MUa 

ParToa 

Per  Mile 

Per  Ton 

Per  MiUi 

Per  Too 

H 

Run. 

ptrMUe. 

Run. 

per  Mile. 

Rui. 

IwrMUfl. 

Rut. 

per  Mile. 

Run. 

|«r  MUe. 

^1 

B  £. 

lU 

Ibc 

ti. 

d. 

Pint!. 

Plflti. 

J. 

J. 

fi. 

J. 

^b89  15     3  22 

47-80 

'522 

9-81 

•107 

•058 

■64 

6'57 

•071 

23-97 

•262 

^^^^1 

^■166  16     7'76 

41-16 

'479 

803 

■093 

-061 

•71 

4-80 

•056 

18-95 

-220 

^^^^1 

^b?     6     4-44 

43-51 

•563 

8'3I 

-107 

-074 

-96 

2-79 

•036  , 

18- 

-233 

^^^H 

K64     a     4-86 

46-97 

•435 

9-44 

-087 

-061 

•56 

2-91 

-027  ! 

19'23 

•178 

^^^^1 

^■06     8     4-92 

43-05 

•594 

8-21 

-113 

•061 

•85 

4-07 

•055 

18-53 

•255 

^^^H 

^73     9     8"  53 

45-60 

'512 

8-86 

•099 

-056 

•63 

1-54 

•017 

15-84 

•177 

^^^H 

121    19     1-71 

44-77 

'346 

9-25 

'071 

•059 

•46 

2-46 

■019 

17*83 

•138 

^^^H 

128  15     705 

39-98 

•766 

7-76 

•149 

-058 

■112 

1-06 

-020 

13-55 

•260 

^^^H 

160  18     4'40 

43-58 

-640 

8-81 

■129 

.    -060 

•89 

-56 

•008 

14-41 

•211 

^^^^1 

433     9  10-49 

39-28 

■622 

7-66 

•121 

-056 

-89 

-89 

'014 

13-23 

•209 

^^^1 

221    H     6-37 

35-16 

-792 

6-71 

-151 

■043 

■99 

1-01 

•022 

12-14 

•273 

^^H 

1     138   19     0-10 

35-69 

•759 

6-84 

'145 

•050 

-95 

4-54 

•096 

16-84 

•357 

^^B 

»     56   15   10-83 

37-86 

'829 

7-22 

•158 

•055 

■121 

•27 

■006 

10^81 

-236 

^^H 

H91    18  11-90 

61  05 

■752 

1206 

•148 

•059 

•71 

2-45 

•032 

21-78 

•268 

^^H 

■b92     0     5-49 

48-35 

•504 

10- 

-104 

-058 

■61 

1-92 

■020 

18-08 

•188 

^^B 

"^187    18     5-39 

41-32 

•402 

8-74 

■082 

•055 

•52 

106 

•010 

15-25 

■144 

^^B 

^217     5     4-64 

46-95 

•397 

9-95 

•081 

•054 

■46 

I'Ol 

-008 

17-11 

•145 

^^H 

■l64     2     4-51 

48-20 

•480 

10-04 

-100 

-057 

•57 

-90 

-008 

16-42 

-164 

^^B 

^S12     2     8-40 

44-39 

•491 

9-15 

-101 

•049 

•52 

1-04 

•on 

15-57 

•172 

J 

K>,598   18     2  45 

43-39 

•536 

8  61 

•106 

•057 

'70 

2-19 

■027 

1644 

•203 

0     2     4-40 

ko,599     0     6-85 

1       53  15     2-93 

1 

|fc,652  15     9-78 

X 

^^^^^^^H 
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London  and  Birmingham  Railway  Locomotivb  Expenditure,  from  UtJnnuary  to  30th  June  1839, 

inclusive — {continued). 


ACCOUNT  OF  GENERAL  CHARGES,  included  in  the  furegoinR  StatemcnL 


Pumpinf;  Enpne  at  C&mdcn 

Tring 

Accident  Account 

Repairs  of  [rnplenienta 

Pumping  Engine  at  Rugby 

„  Coventry 

„  Beech  wood 

Refrairsof  Wheels  and  Axli-i 

Springs 

General  Charges,  Coals  and  Firewood,  London  £  199    0  1 1 

Birmingham  .  211  U     4 
Wolverlon 


17    y    3 


Waste  and  Oil,  London  .     . 

BinninF^ham 
Wolverton    ,     . 

Cleaners*  Wages,  London     . 
Himiingham 
Wolverlon 


(J9    2  11-25 
47    7    4 
25    0    4 


716  5  8 
859  15  6 
M5     1   10 


Painting,  London 62    2    ti-7l 

Birmingham    .     .      .     .     73  15    3-25 


Stationery 

Clerk*.  Foremen,  Watchmen,  Office,  and  Smidryi 
Ex]ieiUM!8      .      .  .  / 


£. 


428     1     (j 


141   16    7-25 


2121     3    0 


135  17  10 
57  15     1 

1441   13     «H4 


£.     «.  d. 

124    8  0*59 

50  16  8'03 

81    15  8-03 

42  17  2 

9  II  fl-50 

3    2  5 

0    8  3 

167    8  0 

80  10  0 


4320    7    7-09 


4SS7    5    6'2ti 


ACCOUNT  OF  EXPENDITURE,  AYLESBURY  RAILWAY. 

£     «.  d. 

Coke 30    0  0 

Oil 2  16  8 

Hose  Pipes 2     5  0 

Ensineman  and  Fireman's  Wages  11  19  7 

Repairs  of  Engine 4     0  3'93 

Files.  Oil  Cans.  Cleaning,  &c.      .  2    7  8 

£53  15    2  93 

£.      *       d. 

Amount  chargeable  to  the  working  I>ocomotivc  Engines -     20,652  15  9'7W 

Stationary  Engine  for  working  Euaton  Smiarp  Incline^  and  snndry  Expenses  notl      ^  ^^    -  „,^ 

chargcabletothe  working  of  the  Locomotive  Engines i     *"  ' 

Total  Locomotive  Expendiiure      .        £23,179    3    1 
111  August,  1839.  EDW  ARD  BURY. 


1 

^^^I^^^^P           OF  THE  LONDON  AND  BIRMINGHAM  RAILWAY. 

1 

P 

1 

32o 
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LONDON  AND  BIRMINGHAM  RAILWAY  LOCOMOTIVE  EXPENDITURE, 

From  Ul  July  to  I5th  December  1839 

,  iiiclusive. 

1^                                                                             PASSENGER  EXGrXES. 

r~ 

Fr«B  Ihe  Opvnlng  of  Uw  Lloe  lo 
U>«  aOdt  JutM  ItiStt. 

MUm  Run 
fttun 

OOKS. 

1  Nunhn 
of 

l^tal  UUn 

TaUl  C<Ml  af 

Ul  July  1830 
31  il  (Vtvtnttfr 

Ton*  convejed 
I  Mil*. 

Time  lit 
Perltirnuuaw- 

WeiiU. 

Coat. 

Louduo 

Blnaiuiihun 

Btui. 

RajMin. 

l«*3». 

I.O.MNI). 

^InfrriuT). 

Toul- 

m 

C      ».     d. 

h.        n. 

Owl*. 

CVIB- 

CwtB. 

£.       t. 

4. 

1 

27527 

260     4     2 

7059 
1904* 

342,224 

293     58 

2151 

227 

2378 

222     8 

3 

9 

20222 

149  16     5 

5533 
192* 

219,686 

233     29 

1529 

142 

1671 

161   15 

6 

3 

14895 

103  18     0 

4977 

215,948 

211      10 

1555 

165 

1720 

165  16 

3 

4 

14550 

102     7  11 

1U563 

515,813 

428     16 

3391 

283 

:i674 

357  10 

9 

5 

17597 

120  10     6 

6960 

292,483 

272     22 

1626 

533 

2159 

202     4 

I 

6 

16265 

134  17     8 

6185 

279,150 

256     22 

1043 

958 

2001 

179    6 

7 

7 

25604 

20*5     2     3 

6328 

316,454 

264     47 

1833 

451 

2284 

212     4 

9 

8 

19228 

114   17     1 

6591 

323,959 

323     47 

1231 

709 

1940 

174     7 

10 

^ 

9 

17073 

106    8     7 

4500 

249.252 

194     18 

1070 

371 

1441 

133     0 

2 

V 

10 

24019 

253  16  11 

5138 

247,754 

202       9 

1200 

339 

1 539 

145  13 

0 

n 

18915 

184  13   11 

7579 

331,892 

325     57 

2254 

353 

2607 

247     9 

3 

13 

14481 

131     1     3 

3711 

204,435 

170     24 

766 

1014 

1780 

160     5 

0 

13 

18900 

130  10     9 

7044 

324,180 

297       8 

1300 

1159 

2459 

224  14 

9 

, 

14 

12206 

81     7   10 

7755 

406,545 

288     39 

1825 

240 

2065 

207  10 

0 

^^M 

15 

15198 

100     4  11 

8036 
U2» 

338,839 

334       2 

2493 

144 

2637 

258     6 

0 

H 

16 

1S13S 

133     8     9 

7804 

339,180 

338       7 

2249 

252 

2501 

240  13 

0 

^^^ 

n 

21136 

185  14     5 

2109 

103,891 

89     10 

721 

59 

780 

75  15 

9 

^^H 

5776* 

^^H 

18 

18992 

205  13     4 

7606 
256» 

275,255 

326     26 

2459 

260 

2719 

270     5 

6 

H 

19 

17.'J86 

193  18     6 

66.^ 

284,853 

275     45 

1887 

809 

2696 

245     4 

6 

^^1 

30 

207SO 

169  19     6 

5973 

256.429 

262     24 

1846 

1^5 

2001 

194     5 

9 

^^1 

\Z 

16357 

138     7    10 

721M 
336* 

341.283 

341     59 

2312 

230 

2542 

245  11 

6 

H 

w*^ 

13313 

109     8     6 

153 

13,900 

9     U 

69 

21 

90 

8     4 

3 

^^1 

J7a 

1 

14913 

237     5    6 

3937 
3152^ 

222,159 

193     12 

1314 

162 

1476 

141   10 

6 

^ 

24 

21662 

214     9    0 

7217 

325,515 

329     55 

2389 

286 

2675 

256  15 

6 

^^m 

r 

2U36 

208  18  11 

5590 
112' 

266,566 

261      14 

2052 

113 

2165 

212  17 

9 

H 

26 

5164 

46     3     9 

9745 

342,005 

387     50 

1990 

1080 

3070 

281     8 

3 

^H 

27 

15575 

133     1     0 

, , 

,  J 

, , 

, , 

, . 

. . 

^^1 

28 

21531 

172     3     7 

4423 

179,730 

185       3 

1122 

656 

1778 

168    6 

0 

^H 

29 

12172 

110  13     7 

5277 

229,578 

210     25 

1462 

641 

2103 

192     1 

2 

■ 

30 

15964 

128  17     3 

5907 

278,466 

248     34 

1893 

336 

2229 

210  15 

9 

^M 

31 

19-194 

255     3     9 

6401 

368,984 

367     38 

2615 

226 

2841 

275  12 

6 

^H 

32 

16105 

150     5   11 

6987 

300.394 

311     58 

2239 

156 

2395 

233   13 

0 

^^M 

33 

13691 

158     6     6 

6640 

282,327 

270     29 

1450 

1198 

2648 

238   14 

10 

^^M 

34 

16888 

136  19     6 

5375 

236,545 

218     28 

1007 

895 

1902 

169  14 

9 

^^H 

35 

9364 

113  17  10 

3360 

268,190 

183     42 

790 

547 

1337 

117   14 

8 

^^H 

36 

18568 

171     5     7 

5225 

252,084 

214       2 

1210 

857 

2067 

183     3 

2 

^^H 

37 

,  . 

. . 

4182 

197,637 

157     41 

764 

637 

1401 

134     4 

11 

^^^ 

38 

. , 

3240 

140,398 

113     21 

581 

344 

925 

91    16 

7 

^^H 

39 

•• 

•• 

1692 

79,169 

73       2 

6U 

65 

67G 

65   16 

9 

^1 

622009 

5554   15     8 

222.730 

10,193,153 

9466     24 

60,2<)9 

\  n,ona 

y';n,^n'i 

\  n^j;^  \^ 

^    ^ 

^               M 

^^ 

*Ajl»a»mr. 

M 

■ 
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MR. 

BURY  ON  THE  LOCOMOTIVE  ENGINES 

1 

1 

1 

1 

^^H 

London  and  Bieminobam  R&ilwat  Locomotive  ExpBNDtTCBB,  Irom  1st  July 

to  15ih  December  1839, 

1 

iiiclusive- 

-{continued) 

PASSENGER  ENGINES. 

oil. 

SEPAms, 

^^^^^^^1 

Nmnbar 

E.ai^oim«a't 

^^^^^^^^^^1 

of 

Hoao  PlpM. 

Fire  Tottlk 

u)d 

nin. 

^^^^^H 

£ogin«. 

FireoiEa'a  Wb^Ui. 

1 

^P 

Quxrta. 

Cv^ 

^Bffitur. 

TeO(i«T. 

C.  I.       rf. 

£.     *. 

d. 

£.    .*.     tL 

£.     t.     d. 

£.      *     d 

£.     *. 

J. 

C    t.    4. 

^^^B 

1 

167 

6  19     2 

0    19 

0 

■• 

39  16     7 

167     4  Hi 

1      0 

H 

0     9    9 

^^f 

a 

144 

6     0     0 

1     18 

0 

.. 

33    3    2 

111   Id    3i 

11    13 

1 

3     1    11 

^^^1 

3 

130i 

5     8     9 

3     4 

0 

0     4     0 

29  n     4 

52  16     2 

8  16 

24 

1      1      1 

^^^^^^ 

4 

232$ 

9  13     9 

1    18 

0 

0     4     0 

64     4     8 

57   10     2i 

3  17 

2 

1    16  10 

^^^^^H 

6 

251 

10     9     2 

■   d 

0     4     8 

48  10     6 

61     6     Oi 

2  10 

7 

1     2     3 

^^^^^^ 

6 

211^ 

8  16     3 

1    13 

0 

. . 

44  18     84 

37   12     4i 

16  13 

5 

1   19     6 

^^^^^^1 

7 

219| 

9     2  11 

0  16 

6 

0     4     0 

39     8     5 

143     9     34 

2     0 

94 

3     4     0 

^^^^^V 

8 

202 

8     8     4 

0  16 

6 

0     4     0 

50  17     8 

68     4     2 

11    11 

2 

4   11      9 

^^^^^F 

9 

135 

5  12     6 

1    13 

0 

, . 

23     4     2 

35  18     2 

3     3 

6 

1     7      1 

^^^^H 

10 

147 

6     2    6 

3     8 

6 

0     4     0 

27     9     24 

y3  14  Hi 

6  15 

0 

1     3     3 

^^^^^^ 

H 

174 

7     5     0 

1     6 

0 

0     4     0 

54     4     4i 

67     9     1 

4     6 

0 

2  10     9 

^^^^^h 

12 

243i 

10     2  11 

2     9 

6 

,  , 

50  19     8j 

38     3     74 

3     8 

34 

1     4     3 

^^^^^H 

13 

236i 

9  17     I 

.  . 

V     « 

49     5     8 

66     8     6j 

10  19 

74 

0  19     0 

^^^^^H 

14 

147i 

6     2  11 

1    13 

0 

k   * 

38     3     4 

71     0     3 

2     6 

9 

1      5     0 

' 

^^^H 

15 

16T 

6  19     2 

0     9 

6 

" 

45  13  10 

55  17   104 

3     1 

104 

1    16    10 

^^^H 

16 

211 

8  15  10 

, 

0     4     0 

53  11     Sh 

41     5     84 
26  13    54 

8  17 

54 

1      I      4 

^^^H 

n 

58 

2     8     4 

0  19 

0 

•■ 

15  16     9i 

6     2 

2 

0  15     9 

^^H 

18 

21 9i 

9     2  11 

3     4 

6 

0     4     0 

51     7    9k 

44  18     7 

4  13 

04 

]    10     I 

^^^H 

19 

221 

9     4     2 

0  19 

0 

_ 

58     5     6h 

61    15     94 

24  17 

04 

0     5     5 

^^^^^1 

20 

lG4i 

6  17     1 

0  16 

6 

. , 

36  13     6i 

47     0   10 

7  n 

74 

1    16     1 

^^^H 

21 

iy7i 

8    4     7 

0  19 

0 

' 

41     9     4) 

60     6  10 

3     9 

10 

1     6    6 

^^^H 

22 

4 

0     3     4 

0  19 

0 

1     1     8 

90    6     34 

1     3 

2 

0  17  U 

1 
1 

^^^V 

23 

108 

4  10     0 

2     7 

6 

36     6     8 

74   12     8 

4  16 

34 

I  14    a 

^^^K 

24 

206^ 

8  12     1 

3     4 

0 

0     4     0 

50  13     04 

56     7     5 

2  19 

64 

1    14     7 

^^^H 

25 

179i 

7     9     7 

2     7 

6 

0     4     0 

44     3     7 

90     0     84 

8  19 

8i 

2    0    4 

^^^H 

26 

280i 

11   13     9 

1     6 

0 

0     1   10 

58     5  11 

32     1     4 

0  17 

2 

0     9    6 

^^^^^H 

21 

, , 

, , 

■  • 

J 

62  13     54 

10  11 

OA 

3    0    2 

^^^^^H 

2B 

181 

7  10  10 

. , 

,  . 

51   10     7 

79     5     64 

8     9 

84 

1     4    4 

■ 

^^^^^^1 

29 

190  J 

7  18     9 

0    9 

6 

,  , 

54   15     7 

77     4   10 

9     6 

4 

0   13  10 

' 

^^^^^H 

30 

1424 

5  18    9 

1   18 

0 

0    4    0 

43  13     li 

58  18  10 

27     7 

24 

1     S  11 

^^^^^H 

31 

2:i4 

9  15    0 

7     7 

3 

0     8     0 

52     2     0 

48     1      14 

5     4 

6 

1     7    9 

^^^^^H 

32 

187 

7  15  10 

3     1 

6 

0     4     0 

42     8     5i 

87     2     0 

4     4 

34 

1     6    0 

^^^^^^1 

33 

242 

10     I     8 

2     5 

0 

0     8     0 

66     3     Oi 

80     9     0 

7  11 

6 

2  11     4 

^^^^^H 

34 

215i 

8  19     7 

1   13 

0 

0     4     0 

56  10     94 

82     4  104 

11     5 

84 

3     4     4 

^^^^^H 

35 

138 

5   15     0 

, . 

0     4     0 

36     8     Oj 

42     4     74 

1  n 

7 

I    14     7 

^^^^^H 

36 

242^ 

10     2  11 

1   13 

0 

0     4     0 

53     7  104 

69  18     04 

1  10 

H 

2  16     6 

^^^^^^1 

37 

171 

7     7     6 

0  19 

0 

0     4     0 

19     8  10 

16     0  11 

0  10 

9 

0     6     8 

^^^^^H 

38 

10ft 

4     8    4 

, . 

, , 

11     3     4 

15     0     54 

2  16 

104 

0     4     5 

^^B 

a.  1 

49 

j 

2     0  10 

0     4     0 

8  15  10 

3     5     04 

0     7 

5 

•• 

^T  1 

/ 

sresiji 

W/    17     1  1 

58   12 

9 

4  10    6 

\bsa  14   2i 

2496  10    44 

257  19 

8 

fll     3    9 

K^ 

J 

■ 

■ 

I 

^P 

THE  LONDON  AND  BIRMINGHAM  RAILWAY, 

M 

1 

327       ■ 

r 

LoHDOH   AMD 

Birmingham  t 

AiLWAT  LocouoTivE  ExPEKDiTuaEt  from  iBt  July 

to  15th  December  1839, 

h 

inclusive — {continueil). 

F 

PASSENGER  ENGINES. 

AVEIL'iaK  OP  COKB. 

Number 

Proportbi) 

W«i|hC. 

C«Ml. 

COST  OF  REPAIRS 

TOTAL 

COST. 

y^ 

SummMTy, 

at 

Total  CoHi 

EiiCine. 

Oflosnl  ChMicB- 

VtT  MUtf 

IVr  T«u 

ntrMIlo 

P«Ton 

Per  Mlltf 

ISt  Ton 

Pn  MUb 

Per  Ton 

Rtin. 

pn  Mile. 

Rub. 

p»r  Slll«. 

Knn. 

per  Milo. 

Run. 

psr  Mil*. 

£.       «.       /i. 

£.        ».        d. 

£.      *     tL 

nw. 

IlM. 

H 

il. 

tt. 

d. 

d. 

d. 

1 

438   17   10 

149  15     4 

588  13     2 

37-73 

•778 

7-56 

-155 

5^72 

•118 

18^45 

•383 

■ 

2 

329     7   Hi 

112     8  11 

441    16   104 

33-62 

•851 

7* 

•176 

5-35 

•135 

ig^i6 

•482 

w 

3 

266  17     9^ 

91      I     3 

357   19     0 

38  70 

•892 

7^99 

*178 

2-97 

-068 

17-26 

397 

1 

4 

496  15     4$ 

169  10     0 

666     5     4 

38  95 

•797 

a^i2 

-166 

1   39 

■028 

1514 

■310 

1 

5 

326     7     34 

HI     7     t 

437   14     4 

34- 74 

'826 

6-97 

-160 

2*20 

■052 

15  09 

•359 

^. 

6 

290  19  10 

99     5  10 

390     5     8 

36-23 

•803 

6*95 

•172 

210 

•046 

15*14 

•335 

^1 

7 

410  10     8 

140     I     8 

550  12     4 

40  -42 

■808 

8-04 

•160 

5-51 

•110 

20-88 

•417 

^r 

8 

319     1     5 

108  17     4 

427  18     9 

31  44 

'670 

6*35 

•129 

2-89 

•059 

15-58 

•317 

I 

9 

203  18     7 

69  11     7 

273  10     2 

36- 18 

•647 

7-15 

•123 

2-10 

•037 

14-58 

263 

k 

10 

284   10     5 

97     1     8 

381    12     1 

33  54 

•695 

6-80 

•141 

4-69 

•097 

17-82 

-309 

H 

n 

384  14     54 

131     5    4 

515  19     9i 
357   12  llj 

38-52 

•879 

7-83 

•178 

2*27 

•052 

16  33 

•373 

^^ 

12 

266   13     3i 

90  19     8 

53*72 

■975 

10*36 

■180 

2-69 

•048 

23*13 

■419 

1 

13 

362     4     8 

123  11    11 

485  16     7 

39-09 

•849 

7*65 

•166 

2-63 

■056 

16-56 

•359 

k. 

14 

328     1     3 

111   18     9 

440     0     0 

29-81 

•569 

6-39 

■124 

2-27 

•043 

13^61 

•259 

H 

15 

372     5     1 

127     0    3 

499     5     4 

36  75 

•871 

7-71 

•179 

I  '76      -041 

14-91 

•353 

H 

16 

354     8     9^ 

120  18     8 

475     7     54 

35-89 

'825 

7-38 

'170 

154       035 

14-62 

■307 

■ 

n 

128  11     3 

43  17     4 

172     8     7 

41-42 

•840 

8*62 

•175 

3-73 

•075 

19-62 

■398 

^H 

■ 

18 

385     6     5 

131     9     6 

516  15  11 

4003 

1-106 

8-52 

•235 

1*56 

•043 

16-30 

•479 

H 

B 

19 

400  U     5^ 

136  13     6 

537     4  114 

45-51 

1-060 

8-87 

•206 

313 

•073 

19-45 

•452 

^1 

^H 

20 

295     7     5 

100  15  11 

396     3     4 

37-52 

•870 

7-80 

•181 

2*20 

■051 

15*91 

•370 

^^M 

H 

31 

381     7     74 

130    2     7 

511   10     24 

« 

39  16 

•834 

8*08 

•107 

2-75 

■058 

16-81 

•359 

^H 

■ 

22 

102  15     U 

35     2     2 

137  17     9J 

65-88 

•725 

12*81 

•141 

143-10 

1-579 

216-29 

2-380 

^1 

1 

23 

265  17     9i 

90  14     6 

356  12     34 

41-99 

•744 

8-62 

■152 

4-84 

-085 

21*73 

•389 

^1 

V 

24 

380  10     2 

129  16    8 

510    6  10 

41-51 

■920 

8-53 

•189 

I '97 

•043 

16-97 

•376 

^1 

I 

25 

368     3     2 

125  12     4 

493  15     6 

43-37 

•902 

914 

•191 

4-25 

•089 

21-20 

-444 

^1 

■ 

» 

386     3     9 

131    15     4 

517  19     1 

35-28 

1-005 

693 

•197 

0-&1 

-023 

12*75 

•363 

^1 

P] 

27 

76     4     8 

26     0     2 

102     4  10 

^^1 

28 

316     7     0 

107   18     9 

424     5     9 

45- 

1108 

9'13 

•224 

4-76 

•117 

23- 00 

•566 

•^^1 

20 

342  10     0 

116  17     3 

459     7     3 

44 -63 

1-026 

8-73 

•206 

3*93 

•091 

20-89 

'480 

^^H 

30 

350     4     7 

119  10     0 

469  14     7 

42-26 

■8S)0 

8*56 

•181 

3-50 

■074 

19-08 

•404 

^^1 

' 

31 

399  18     U 

136     9     0 

536     7     Uj 

37-87 

-862 

7-87 

■179 

1   52 

•034 

15-32 

•349 

^^1 

32 

3T9  15     1 

129  11     5 

509     6     61 

38-39 

■892 

8-02 

•186 

3- 13 

•072 

17-49 

•406 

^^1 

33 

408     4     4i 

139     5     9 

547   10     14 

44-66 

1-050 

8-64 

-202 

318 

•075 

19-79 

•465 

^^B 

^ 

333  17     Ol 

113  18     4 

447   15     4l 

39-63 

•900 

7-59 

•172 

4-17 

•095 

19-99 

-454 

^^1 

35 

205   16     6 

70     5     3 

276     3     9 

44-56 

'558 

8 '40 

•105 

3'15 

■039 

1972 

•247 

^^1 

36 

322  15     74 

110     2     8 

432  18     3i 

44*30 

•918 

8*41 

■174 

3-28 

•068 

19-88 

•412 

^^H 

■ 

31 

179     2     7 

61     2     5 

240     5     0 

37-54 

■794 

7-70 

-162 

0-95 

■020 

13-79 

•291 

^^1 

■ 

38 

125  10     0 

42  16     5 

168     6     5 

31-97 

•738 

6-79 

•156 

132 

•030 

12-47 

■287 

^^1 

1 

39 

80     9  104 

27     9     3 

107   19     li 

44-74 

-956 

9  33 

•198 

0*51 

•Oil 

15-30 

•327 

^^ 

1 

12,051     6  10 

4112     1     9 

16,163     8     7 

38-90 

0-850 

7-87 

■m\ 

.  r%yci%\^ 

^W^X 

V -Tasi 

\,     J 

■ 

IM 

^B^ 

^  _  _ 

.^1 

^^^^^^H 
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1 

■ 

Mn,  Brny  on  the  locomotive  engines 

1 

^H 

London  and 

BlRMlNGUAU 

Hailwat  Locohotive  ExFENDiTURB,  froDi  Iti  July  to  15th 

December  1839. 

w 

incluflive — (^continyed). 

- 

MERCHANDIZE  ENGINES. 

lb*  3Utlt  of  June  1S39> 

Milea  Run 

COKE. 

I 

H 

Nnsbsr 

of 
Enfla*- 

Total  MUm 

Ti>tal  Coat  or 

Lsl  Jul;  lti30 
15tb  DeeMnlHr 

1  XUb. 

Tins  of 
Vnloauuttm. 

W«i(kt. 

c^tu 

Loadon 

Dfmlnibun 

1 

Bnn- 

K«p«ir>< 

lS3tt- 

(Oood). 

(InCtrior). 

Total. 

£.     i.     *l. 

lu        m. 

Cwi» 

Cwto. 

Owfi. 

£         a. 

u. 

^^^H 

61 

3184 

63     5     2 

7641 

425,966 

321      13 

1896 

745 

2641 

243  13 

6 

^^^H 

62 

G530 

124   14     3 

6624 

630,927 

381     33 

1691 

998 

2689 

244   18 

4 

^^^H 

63 

3802 

43  10     4 

4482 

446 . 992 

261     24 

1083 

723 

1806 

164  12 

1 

^^^H 

64 

2048 

24   17   10 

7614 

488,971 

349       3 

2582 

264 

2846 

274  14 

0 

^^^H 

65 

5262 

88  10     2 

7320 

321,415 

307       U 

1512 

1103 

2615 

227     3 

10 

^^^H 

66 

5658 

36  10     1 

6084 

614,419 

353     44 

1379 

876 

2255 

200     7 

9 

^^^H 

67 

1641 

16  n    5 

5208 

554 , 244 

347     16 

1839 

246 

2085 

199     5 

6 

^^^H 

68 

2280 

10     3     1 

5172 

245,291 

214       1 

mo 

590 

1760 

159     6 

8 

^^^H 

69 

2680 

6     7     1 

8238 

495,130 

365     42 

2792 

315 

3107 

298  17 

9 

^^^H 

70 

7678 

28  11     0 

12042 

592,525 

488     19 

2685 

1225 

3910 

359     9 

4 

^^^H 

71 

4380 

18    9     7 

10311 

531,205 

409     29 

2039 

1043 

:ios2 

286  16 

4 

^^^1 

72 

1980 

37     9     2 

8184 

379. 3:n 

323       5 

1744 

1146 

2890 

254  II 

3 

^^^H 

73 

1260 

1     9     1 

5493 

268,375 

223     33 

1241 

786 

2027 

183     8 

4 

^^^H 

74 

.  . 

6840 

683.443 

395     52 

1523 

1235 

2758 

249  13 

0 

^^^H 

75 

. . 

5586 

285,036 

233     48 

1206 

798 

2004 

178    8 

6 

^^^H 

76 

4    , 

4755 

272,429 

259       0 

151>7 

211 

1808 

172  17 

9 

^^^H 

77 

, . 

,    . 

4980 

504,095 

277     25 

1205 

1178 

2383 

210     3 

11 

^^^H 

78 

786 

4 1 , 664 

36     16 

204 

167 

371 

34  11 

9 

^H 

79 

11007 

55  19  11 

6010 
H2» 

353,288 

270     46 

2039 

166 

2205 

214     5 

6 

^H 

80 

11069 

46     6     5 

1617 
10300t 

81,188 

69      8 

457 

158 

615 

55    11 

0 

^K 

81 

7664 

18     8  11 

3774 

84not 

403,200 

253       7 

1245 

140 

1385 

133     5 

0 

^^^H 

82 

4474 

33     8     8 

5966 

692,567 

388     46 

2137 

251 

2388 

229     7 

9  ^ 

^^^H 

83 

3448 

9     0  10 

7362 

720,523 

438     50 

2512 

346 

2858 

273  13 

2 

^^^H 

84 

4808 

21     5     1 

6879 

509,146 

315  .57 

2703 

295 

2998 

288  14 

9 

^^^H 

85 

, . 

9618 

506,880 

400     45 

2424 

972 

3396 

315     8 

3 

^^^H 

86 

, . 

, , 

7041 

359,843 

300     35 

1453 

834 

2287 

210     8 

6 

^^^H 

87 

. , 

, , 

3783 

404,016 

253     38 

1472 

177 

1649 

158     5 

3 

^H 

88 

•• 

»• 

2043 
15001 

229,784 

139     13 

851 

62 

913 

88  19 

& 

^^^^1 

89 

. . 

, , 

1704 

133,432 

99       3 

269 

401 

670 

63     8 

» 

■ 

90 

*• 

■• 

561 

57,008 

37     24 

175 

51 

226 

20  13 

» 

91553 

685     4     I 

173,718 

12232.339 

8514     55 

47,125 

17,502 

64,627 

5995     I 

2 

Taulor 

1 

428,600  indndlns  A;lMtnt7  and  Ualluiing. 

H 

fMMiif  ri 

\  713562 

6239  19    9 

Vaammfet  Tntu 

396,448 

22,425,491 
5.176.845 

17,981    19 

107.424 

34.575 

141,999 

l.%30l    19 

S 

326.681 

13,596  59 

H 

SAnduBiliu  Tnlo* 

69,767 

7.248.646 

4.384  20 

1 

396,448 

22,425,491 

17,981    19 

P 

■ 

•  AjiMbunr.                                                    f  B 

kOuHoi. 

M 

1 

1 

OF  Tiin 
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m 

LOKDON  AND  BiBMlNOBAH  lUlLWAT  LoCTOMOTIVK  ExPRNDITURR^  from  Ut  Julv  tU  15Ul  DeC«m)>ei 

1839, 

1 

incluBive — {continued). 

1 

MERCIIANDIZI-:  ENGINES. 

OIL. 

BErAIRS. 

HumlMi 

EcigiBVITH'u'l 

^^H 

vt 

liiwff  i'if^ 

Fin  TiHiUr 

ttttd 

Pilot* 

^^^^^1 

B^M. 

Quuift. 

fun. 

Plnfltcn'a  f^'M^MI- 

Eiijlliw. 

Tmlet 

^H 

t 

^^^H 

£.      :    J. 

£.      «. 

d. 

£.      $.    d. 

£.           M,         d. 

£.       *.      rf. 

£.       ■ 

.     H. 

£.      ,.    d 

^^H 

61 

250j 

10     8     9 

0    9 

6 

0     4     0 

43     1     9 

63  10     0^ 

4     1 

3i 

2     4     5 

^^H 

63 

210 

8    15     0 

5   15 

6 

, , 

2iJ     0   10 

in    y    7 

19     2 

6i 

1    15  11 

•  ^^^H 

63 

134 

5    11      8 

0  16 

6 

0     9     0 

24   10     9 

43     3     5 

IS     0 

lOil 

12     34 

^^H 

■ 

64 

219 

9     2     6 

0  19 

0 

, , 

45     4   10 

3^    5     7J 

10     0 

%l 

0  14     4 

^^H 

65 

213 

8   17     6 

2  19 

0 

,  , 

42     0?    6 

50  19     ij 

1     7 

1 

1     6     5 

^^H 

66 

163^ 

6  16     3 

, , 

,  , 

29     1     6 

45    3    a 

3     6 

1 

2     1     3 

^^H 

67 

)53i 

6     7   II 

, , 

29     2   11^ 

84     0  11^ 

4     5 

95 

2     6     3 

^^1 

■ 

68 

140^ 

5  n     1 

1    13 

0 

, , 

27     6   10 

29     2     1 

0    10 

6 

0   13     3 

^^H 

■ 

69 

224 

9     6     B 

, . 

, , 

43   19     4 

37 13  ^ 

5    15 

3 

0  15     7 

^^M 

■ 

70 

359 

14  19     2 

2  12 

0 

,  . 

56     2     Ij 

52     0      1 

4     5 

^ 

1   14     1 

^^M 

■ 

71 

277 

U  10  10 

4     2 

6 

0     4     0 

49     0     0 

43  17  10 

3     6 

2', 

1   17     7 

^^M 

72 

251 

10     9     2 

2  19 

0 

, , 

39  11      li 

47     0     5i 

2     6 

44 

0  15     9 

^^H 

73 

187 

7   15  10 

2     2 

6 

0     4     0 

31      7     I 

77     5     2 

5   10 

8 

2  10     6 

^^M 

■ 

74 

245i 

10     4     7 

0  16 

6 

.  . 

37    15     0 

28  13     7 

3     7 

3 

1    14     9 

^^M 

■ 

75 

222 

9     5     0 

0  Ifi 

6 

0     4      0 

24    19     2 

30  11     H 

0  n 

l\ 

1     2     0 

^^H 

■ 

76 

144 

6     0     0 

1    18 

0 

0     4     0 

26  14     4 

110     5     8 

2   12 

2     7     5 

^^1 

p 

77 

193 

8     0    10 

1    13 

0 

•  * 

25     2     I 

m   5   oi 

2     5 

7 

1      1      1 

^^H 

78 

46 

I    IS     4 

. . 

,  . 

3     <l    10 

3  13  n 

0     2 

0 

0     7     0 

^^H 

79 

mi 

7     7   U 

0  19 

0 

•• 

33  17     6i 

70  12  lOi 

0     1 

1 

I     9     2 

^1 

SO 

61^ 

2   113 

.. 

13     7     I 

81    17     9 

•  • 

0  17     1 

H 

m 

61 

110 

4   11     8 

0  19 

0 

0     8     0 

20     2  11 

33     3     2 

I     6     3 

H 

1 

82 

142^ 

5  18     9 

30  10     4 

58  12     0 

0  16 

oi 

1    14     9 

^1 

■ 

83 

194| 

8     2     1 

3     2 

6 

, , 

37     4     5 

38  16     4i 

0     3 

9 

0     9     4 

^^H 

■ 

84 

206i 

8  12     1 

2     5 

0 

. , 

39     8  lOi 

50    2   ai 

18  14 

lU 

1     3     3 

^^H 

■ 

85 

325  J. 

13   U      3 

0  16 

6 

0     4     0 

45   15     2 

16     9     6 

0     0 

6 

1     0     2 

^^1 

■ 

86 

1 82  J 

7   12     1 

0     4 

0 

, , 

30     5     2 

15   19     8 

0  12 

6 

0     5     4 

^^1 

■ 

87 

121. i 

5     1     3 

0     9 

6 

, . 

19     0     0 

19   10   11 

0     2 

1^ 

0     6     0 

^^1 

1 

88 

Tl-i 

2  19     7 

0  19 

0 

0     5     0 

13  10     9 

20  12  Hi 

•• 

0     8     0 

^H 

1 

89 

54 

2     5     0 

.. 

7     6    6 

5     3     0^ 

0     3 

6 

0     2     6 

^1 

1 

■ 

90 

31 

1     5  10 

-• 

2   14     2 

1     7     Oi 

1 

5311 

221     5   10 

38     7 

0 

2     6     0 

900  12  11^ 

1346     9     6^ 

111    11 

2i 

35    11      8 

ll2.074i 

503     2  U 

96  19 

9 

0  16     6 

2484     7     2 

3842  19  11 

369  10 

loi 

96  15     5 

1 

EtifiDO*. 

J 

1 
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^^^               MR.  BURY  ON  THE  LOCOMOTIVE  ENGINES 

■ 

1 

London  akd  Birmingham  Railway  Locomoti^'b  Expenditorb,  from  Ist  July  tu  15ch  December  1839» 

inclusive — {continued). 

MERCHANDIZE  ENGIXES. 

AVERAOB  UP  COKE. 

COST  t)F  REPAIRS. 

TOTAL  CUUT.       1      1 

NuMlMT 
df 

SiirotnTY- 

Proponion 
of 

Wdibl. 

C.w.               ! 

1 

En^ntt 

0«DBnil  Cttvyu. 

PbtHDc 

Vat  Tun 

Vtt  TAx\e 

P«r  T«Ti 

For  Milr 

P*T  Tl* 

P«r  Ullfl 

i'rt -nNi 

U,UD. 

per  Milg. 

Kun. 

por  Mile. 

Riiti. 

pn  Mitff. 

Bun. 

per  MUr. 

£.      1. 

J. 

£.        t.     d. 

£.         1.     d. 

lb* 

Ib«. 

d. 

d. 

J. 

(/. 

H. 

J. 

61 

367  13 

3 

125     9     0 

493     2     3 

38-71 

•694 

7-65 

■137 

2*12 

•037 

15-48 

•277 

63 

420  17 

Sk 

143  12     2 

564     9  10^ 

45  46 

■477 

8-87 

•093 

4^73 

•049 

20-45 

•214 

63. 

258     6 

6h 

88     2   10 

346     9    4j 

45-17 

■452 

8-81 

•088 

3-32 

•032 

18  55 

•166 

64 

380     1 

0 

129  13     6 

509  14     6 

41  66 

-652 

8-65 

-134 

1   46 

•024 

16-06 

-249 

65 

334  13 

5* 

114     3  10 

443  17     3^ 

40- 

•911 

7  44 

■169 

1-71 

•039 

14-71 

•;i35 

66 

286  16 

6 

97  17     4 

384  13  10 

41-57 

-411 

7  90 

079 

1-91 

•019 

15   17 

•150 

67 

325     9 

4J^ 

111      1     0 

436   10     4i 

44-83 

•421 

9-18 

086 

2-15 

•038 

20-11 

-169 

66 

224     9 

5 

76   11     8 

301      1      \ 

38-n 

•803 

7-39 

•  1 55 

137 

•029 

13-97 

•294 

69 

396    8 

2^ 

135     5     1 

531    13     3^ 

42-24 

•703 

8-70 

-145 

1  26 

-021 

15  49 

-257 

70 

491     1 

n 

167   11     3 

658  13     2 

36-36 

•739 

7-16 

145 

1-12 

•022 

13-12 

•266 

71 

400  15 

3* 

136  14   10 

537   10     U 

33-47 

•649 

6-67 

-129 

ro9 

-021 

12-51 

■395 

72 

357  13 

1^ 

122     0     8 

479  13     9i 

39-55 

853 

7-46 

-161 

1-44 

•031 

14-06 

•306 

73 

310     4 

1 

105   16  10 

416     0   11 

41- :« 

•846 

8- 

•164 

3-63 

•074 

18-16 

■372 

74 

332     4 

8 

113     7     2 

445   11    10 

45  16 

-463 

8-76 

■087 

1*12 

■Oil 

15  63 

154 

7S 

245  18 

Oh 

63  18     0 

329  16     Oi^ 

40- 18 

•787 

7*66 

•150 

1  •  33 

•026 

13-98 

•277 

^^■K   76 

322  19 

4K 

110     3  11 

433     3     34 

42-58 

-743 

8-72 

152 

5-69 

•099 

21-86 

•382 

^^^■P  *si 

284   11 

6\ 

97     1    11 

381    13     5j 

53  ■  59 

■529 

1013 

■100 

r85 

-018 

18-39 

■179 

78 

44     2 

10 

15     1     2 

59     4     0 

52-86 

•997 

10-56 

•199 

115 

•021 

18-07 

241 

79 

328  13 

1 

112     2     9 

440  15   10 

41-09 

•699 

8-55 

-145 

2-82 

048 

17-60 

•299 

80 

154     4 

8 

52  12     6 

206  17     2 

42  59 

•848 

8-24 

•164 

12-15 

•242 

30  70 

•611 

61 

193  16 

0 

66     2     6 

259  18     6 

41-10 

•384 

8-47 

'079 

203 

•019 

16-53 

•154 

82 

326  19 

1h 

111    11      4 

438  10  114 

44-83 

•386 

9-23 

■079 

2-38 

•02Q 

17-64 

•152 

63 

360  U 

14 

123     0     7 

483  12     24 

43-43 

•444 

8-92 

-091 

1-27 

-013 

15-76 

•162 

84 

409     1 

lh 

139  11     7 

548  13     24 

48-86 

■659 

10-07 

■136 

2-40 

-032 

1914 

•259 

85 

393     5 

4 

134     3     8 

527     9     0 

39-54 

•750 

7-87 

■149 

0-41 

•007 

13-16 

-249 

86 

265     7 

3 

90  10  10 

355   17      1 

36-37 

•711 

7-17 

*140 

0-56 

•Oil 

12-12 

-237 

87 

202  15 

Oh 

69     3     7 

271   18     74 

48 '82 

•457 

9-77 

-094 

1-24 

■Oil 

17^25 

•161 

88 

127  14 

n 

43  11     8 

171     6     54 

50  05 

•44S 

10-45 

093 

2-42 

-021 

20  12 

•189  ^ 

89 

78     9 

24 

26  17   11 

105     7     14 

44  03 

•562 

8-93 

■114 

0^74 

'009 

1483 

go 

26     0 

H 

8  17     8 

34   18     54 

45   11 

*444 

8-85 

•087 

057 

■005 

14-94 

•147 

6651     4 

4i 

2951    18     9 

11,603     3     14 

41-66 

0-591 

8 '28 

'117 

201 

•028 

16-03 

■227 

Total  of 

1 

' 

■ 

fiMiyiM 

V90,702  12  2i 

7064     0     6 

27 > 766  12     84 

40-11 

-709 

8-05 

•142 

2-55 

]  -045 

1680 

■29r 

EnfloM- 

1 

504   19  7 

172     2     0 

G77     1     7 

Ayle«bury  Railway,  as  per  S'^atemc 

nt,  p.  331. 



7236     2     6 

Ea^oea 

28,443    14     3] 

ToUl  Ex 

penditurc 

chargea' 

lie  tu  tbe 

working 

oftheX4f 

»comotive 
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London  and  Birmingham  Railway  Locomotxtb  Expenditure,  from  Ist  July  to  I5th  December  1839, 

inclusive — {continued). 


ACCOUNT  OF  GENERAL  CHARGES  included  in  the  foregoing  SUtement. 


£.    g.  d. 

Pumping  Engines- Camden 88  13  0 

Trine 39    1  8 

Rugby 11     8  0 

Weedon 10    8  8 

Coventry 12    8  3 

Beechwood 746 


Stationary  Engine,  Wolverton 

Accident  Account 

Implements  and  Repairs  of  ditto  . 

Repairs  of  Wheels  and  Axles  .     . 
„        Springs 

Coals  and  Firewood — London .     . 
Birmingham 
Wolverton  . 


Stationery 

Waste  and  Oil  for  Cleaners — London 

Birmingham 
Wolverton  , 


Cleaners*  Wages — London 

Birmingham 
Wolverton  . 


Painting — London  .  . 
Birmingham 
Wolverton    , 


Clerks,  Foremen,  Watchmen,  0£5ce,  and  Sundry  Expenses  .     . 


£.    *.    d. 


221  16     Ih 

30  18    3 
226    8    3i 


95  19 

0 

57  13 

8 

85 

5 

51 

836 

6 

2 

894 

1 

5* 

769 

5 

9i 

77 

8  11^ 

38 

0 

6* 

31 

14 

4 

£.     s.    d. 


169    4    1 

20    3  10 

556  17    9^ 

595  12    7 

93     1     0 

40     1     0 


479     2    8 
114  16     1 


238  18     U 


2499  13     5 


147    3  10 
2281     8     1 


£     7236    2    6 


STATEMENT  OF  EXPENDITURE,  AYLESBURY  RAILWAY. 


£.    *. 

Coke,  3473  cwts 347    6 

Oil.  262  qiwrts 10  18 


d. 
0 
4 
6 


Hose  Pipes 0    9 

Engineman's  and  Fireman's  Wages     .     .     .  108  14 

Repairs,  Engine 7    8 

Repairs,  Tender 040 

Oil  and  Waste  for  Cleaners 2    6    0 

Cleaner's  Wages  .' 23  16  11 

One  Signal  Lamp,  and  fitting  ditto     ...  3  IG    0 


£504  19    7 


MIlM. 

No.  1   . 

1904 

2  . 

192 

15   . 

112 

17   . 

5776 

18   . 

256 

21   . 

336 

23   . 

3152 

25   . 

112 

79   . 

112 

Expenditure,  as  per  above  Statement. 

Stationary  Engine  for  working  Euston  Incline,] 
and  Sundry  Expenses  not  chargeable  to  work-> 
ing  of  Locomotive  Engines j 


£.      *.    d. 
28,443  14    3^ 

1,787    1     9 


Total  Expenditure  to  15th  December  .       30,230  16    0^ 


11,952 


Amount  of  Pay  Bills  for  Wages  for^ 

the  fortnight,   from  the  14th  to>£1009    1     9 

31st  December  1839  .     .     .     J 
Sundries  not  classed      ....  613 


1,015    3    0 
£31,245  19    0^ 


January  3U/,  1840. 


EDWARD  BURY, 
X  ^  ^ 
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MR.  BURY  ON  THE  LOCOMOTIVE  ENGINES 


LONDON  AND  BIRMINGHAM  RAILWAY  LOCOMOTIVE  POWER  ACCOUNT. 


REPAIRS  OF  ENGINES  AND  TENDERS, 

■ 

From  the  Commencement  of  their  Running  to  the  14th  June 

1840. 

1 

Number  of  Locomotives 

Total. 

DIVIDED  ACCORDING  TO  THOSE  THAT   HAVE   RVN                                    ' 

Under 
10.000  HU». 

Abovu 
10000  Miles. 

Abovs 
30,000  Miles. 

A  bore 
30.000  Miles. 

AlioTr              j 
40,000  MiW. 

82 

15 

29 

24 

13 

1 

Total  Number  of  Miles  V 
Run    .                 -J 

1,635,396 

89,266 

444,421 

629.833 

429,944 

41,932 

Average    Number    of] 
Miles  Run  per  £u-> 

19.944 

5,951 

15,328 

26,243 

33,073 

41,932 

gine    ....     J 

£.        ».      d. 

'£.      t.    d. 

£.       «.     d. 

£.      «.     d. 

£.     «      d. 

£.      «.     J. 

Total  Cost  of  Repairs  . 

11346     9    8 

529     8     9 

4467     3     7 

6905  15    0 

4952  11     0 

491   11     4 

Average   Cost  of  Re-1 
pairs  per  Engine  .      f 

211   10  10 

35     5  11 

154     0  10 

287  14     9 

380  19     4 

491   11     4 

d. 

d. 

d. 

d. 

d. 

d. 

Ditto  ditto  per  Mile     . 

2  545 

1-423 

2-412 

2-631 

2-765 

2-813 

Ditto  ditto  per  Journey  \ 
of  111  Miles  .      .      [ 

£.    #.'     rf, 
1     3     6 

«.     d. 
13     2 

£.     f.     d. 
1     2     4 

£.     f.     d. 
1     4     4 

£.     f.     d. 
1     5     7 

f.     d. 
1     6 

For   the  first    10,000 
Miles,  the  Cost  of  Re- 1 
pairs,    per     Engine,  [ 
and  per  Mile  .      .     ] 

d. 
2 

, 

Ditto  20,000  ditto,  ditto 

2-5 

I 

Ditto  30,000  ditto,  ditt<^ 

2-667 

1 

1 

Ditto  40,000  ditto,  ditto 

2*750 

1 

1 

For  the  Second  10,000 1 
ditto,  ditto      .     .      t 

3 

i 

For  the  Third  10,000 
ditto,  ditto 

3 

1 

i 

For  the  Fourth  10,0001 
ditto,  ditto      .      .      f 

1 

3 

1 
1 

! 
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LOCOMOTIVE  POWER  ACCOUNT, 

From  15tli  December  1839  to  14th  June  1840. 


Number  of  Locomotives 

Ditto  Miles  Run  since  Opening  of  Rail- 
way to  June  14,  1840 

Average  Number  of  ditto  by  each  Engine. 

Number  of  Miles  Run  from  December  14, 
1339,  to  June  14.  1840 

Ditto,  with  Passenger  Trains  .... 

Ditto,  with  Merchandize  Trains    . 

Total  Number  of  Journeys  of  111  Miles  . 

Ditto  with  Passenger  Trains    .... 

Ditto  with  Merchandize  Trains     . 

Greatest  Number  of  Miles  Run  by  any  one 
Engine 

Total  Number  of  Passengers  conveyed  one 
Mile  (distance  112  Miles)*  .... 

Ditto  apportioned  among  the  several  En* 
gines,  according  to  Gross  Load    . 

Total- Number  of  Passengers  conveyed  one 
Mile  (distance  111  Miles)    .... 

Ditto  apportioned  among  the  several  En- 
gines   

Average  Number  of  Passengers  per  each 
Journey    

WEIGHT  CONVEYED. 

Estimated  Gross  Weight  of  each  Passen-l 
gerf  with  his  Luggage J 

Ditto  Net  Weight  ditto  (2j  cwt.)  .      .      . 

Ditto  ditto  Horses  (9  cwt.)      .... 

Ditto  ditto  Carriages 

Ditto  ditto  Dogs  (42  lbs.) 

Ditto  ditto  Mail  Bags,  per  diem  (4  tuns,  81 
cwt.  2  qrs.) ( 

Ditto  ditto  Cattle  (5^  cwt.)     .... 

Ditto  ditto  Sheep  (}  cwt.)       .... 

Ditto  ditto  Pigs  (1  cwt.) 

Gross  Lioad  X  conveyed  one  Mile   . 

Ditto  by  Passenger  Trains      .... 

Ditto  by  Merchandize  Trains  .... 

Net  Load  estimated  from  the  above  weights 

Ditto  by  Passenger  Trains       .... 

Ditto  by  Merchandize  Trains  .... 

Average  Gross  Load  per  each  Journey  o: 
the  Engine  (111  Miles)  by  Passenger 
Trains 

Ditto  by  Merchandize  Trains  . 


TolaL 


82 

1,635,396 

19,944 

474,154 

383,8.58 

90.296 

4,272 

3.459 

813 


21,582,872 


21,390,167 


DIVIDED  ACCORDING  TO  ENGINES  HAVING 


Cylinder!, 

12  ID.  Diameter; 

Stroke  or  PiitoD.  18 in.; 

Wheels,  5  ft  6  ia. 

Diameter ; 

One  Pair  Drivinj;  Wheels. 


TuDI. 


0-551 


0-1125 

0-22222 

1- 

0-01873 

4-425 

0-275 

0  0375 

005 

24257775- 

8021312- 

15347832- 

7417347- 

8909943- 

603965  - 

7028463- 

1779221- 

3135503- 

1515335- 

3892960- 

263886- 

39,983 

35,763 

98,675 

72,374 

42 

1.063,210 

25.315 

215.745 

207,400 

8,345 

1,944 

1,869 

75 

9,778 


10,430.636 

10,337,505 
50 


Toil*. 


Cylinders. 

13 ia.  Dtameler; 

Stroke  of  Piston,  IHin. 

Wheels,  Q  ft.  6  iu. 

Diameter ; 

One  Pail  Driving  Wheels. 


10 
92,101 

9,210 

82,987 

82,747 

240 

748 

746 

2 

15,228 


5,275,291 

5,228,190 
63 


Tons. 


3765571 

3751321 

14250 

772606 

766380 

6226 

45,335 

59,375 


Cylinder*. 

13 iu.  Diameter; 
Stroke  of  Piston,  18  In. 
Wheels.  5  ft.  Diameter ; 

Coupled  Wheeli. 


30 

480,085 

16,003 

175,422 

93,711 

81.711 

1,580 

844 
2 

9,960 


587,695 

5,824,672 
62 


Tons. 


12470872* 
4179164- 
8291728- 
4776636- 
3135503- 
3892960- 

44,596 

101,476 


*  TlM  dlitaoee,  aecoi^iic  to  the  milnge  doty,  ia  112  oiile%  biit«  portioa  of  that  dlituioe,  at  the  Loudon  •nd.b«\B|  vnfctnic^'b^  %%u&  «\ivq»,S^  i^1^»»n  vn^Xi^ 
hff«agb*te«irir  111  alka. 
t  TMi  JMhiii  tt0pimhm  dtht  mfgbt  oflb»  tnla  doe  to  pob  paataagn. 

/  *Nwi«rf*i*toil»  ip^^  rfi6»  «rivw  C^  <<w  a«fiJi  tat  M*  III.  wri^l  of  thi  mgioe  and  t^ 


Total  Cost  per  Engine  and  Tcndcre^as  below 
Ditto  per  Juiirney  (III  Miles)      .      . 

Ditto  per  Mile 

Ditto  per  Ton  of  Groes  Load  per  Mile 
Ditto  ditto  per  Journey      .... 


623()-5 
3  936 
0-03M 


7216    2  9 

3  14  3 

0  16  5 

0     0  8- 027 

0    0  0216 

0     2  0 


2596 


4  0 

3     9  5 

0  16  7 

0    0  7-508 

0    0  0  165 

0     1  6-37 


£. 

t.    W. 

653 
0 
0 

2  11 

3  0 

0     0*330 

287  13    9 
0     2  11-520 
0     0     0  320 


105  17     1 
0     2    9-977 
0     0     0*306 


6991   16  4 

1   12  8 

0     0  3*539 

0     0  0069 

0    0  7  678 


4835  19  9 

2     9  9 

0     0  5-380 

0     0  0-145 

0     1  4  060 


501     6 
Q  13 


it 
4 


0  0  1  -450 
0  0  0-03'i 
0     0     3-546 


6997  15  6 

4  8  7 

0  17  7 

0  0  9-574 

0  0  0  135 

0  1  3*«4 


259 

12 

1 

0 

3 

3-43i 

0 

0 

0-3J5 
J. 

£. 

1. 

1654 

10 

3 

2 

0 

II 

0 

0 

2-364 

0 

0 

O032 

0 

0 

3-534 

Ar  IU»  Vm  flfuivll  buha  b*  nmukad  thai  on\y  ^\\\  miWa  luul  bMD  ren  b}  ilw  tnfiBMpKvUitM  to  Owvntor  14.  1^34. 
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LOCOMOTIVE  POWER  ACCOUNT. 

From  15th  December  1839  to  14th  Judc  1840 — (continued). 


COST  OF  LOCOMOTIVE  POWER. 

Wages  of  Engine  Drivers  end  Firemen 
Ditto  per  Mile  travelled  by  the  Engine 
Ditto  per  Journey  of  111  Miles    . 
Ditto  per  Ton  Gfobb  Load  per  Mile    . 
Ditto  ditto  per  Journey     .... 


Coals  and  Firewood 
Coke  .... 
Oil 


Total  Cost  of  Coals,  Firewood,  Coke,  and  Oil 
Ditto  per  Mile  travelled  by  the  Engine     . 
Ditto  per  Journey  of  1 1 1  Miles 
Ditto  per  Ton  Gross  Load  per  Mile 
Ditto  ditto  per  Journey      ..... 


Pumping  Engines 
Hose  Pipes 
Fire  Tools  .      . 


Total  Cost  of  Pumping  Engines  and  Huse 

Pipes,  and  Fire  Tools 

Ditto  per  Mile  travelled  by  the  Engine    . 
Ditto  per  Journey  of  1 1 1  Miles     . 
Ditto  per  Ton  Gross  Load  per  Mile    . 
Ditto  ditto  per  Journey 


Total. 


£.      f.     d. 

2961  9  10 
0  0  1-499 
0  13  10 
0  0  0  029 
0     0     3-252 


813  11     2 

16810     2     3 

653     2  11 


18276  16  4 

0     0  9-251 

4     5  7 

0     0  0  181 

0     1  8-072 


226  16     3 

82     4     3 
8     0     4 


Cleaners'  Wages 

Waste  and  Oil  for  ditto     .... 

Total  Cost  of  Cleaners'  Wages,  Waste,  and  i 

Oil 1 

Ditto  per  Mile  travelled  by  the  Engine 
Ditto  per  Journey  of  111  Miles     . 
Ditto  per  Ton  Gross  Load  per  Mile    . 
Ditto  ditto  per  Journey      .... 


357  0  10 

0  0     0181 

0  1     8 

0  0     0  004 

0  0     0-392 


3802     1     5 
337     9     6 


Repairs  of  Engines 
Ditto  of  Tenders    .      . 
Cost  of  Files  for  Repairs 
Ditto  Painting  ditto     . 


Total  CostofRepairsfor Engines, Tenders, 
Files,  and  Painting 


DIVIDED  ACCCRDINO  TO  ENGINES  HAVING 


Cylinden, 

13  Id.  DUmeler; 

Stioks  of  Piiton,  18  in- ; 

Wbeeli  ftft.  Gin. 

Diuneter; 

One  Pkir  Drivtog  MTheeU. 


£.        «.     d. 

1460  17     1 


370     3    6 

7216     2    9 

287  13    9 


121     8     0 

47     6    6 

4     6  10 


1729  19     8 
153  U     1 


4139  10  11 

0     0  2-095 

0  19  5 

0     0  0041 

0     0  4-546 


6352  11  11 

267  17  11 

146  13  0 

224  13  6 


6991   16     4 


4447     8     5 

191     1   10 

94  16  10 

102     4     8 


Cylitiden, 

13  in.  DUmeleri 

Strtike  or  PUiqd.  18  in. ; 

WhreU,  Sft.  Bin. 

Diameter ; 

One  Pair  Drhriog  WhaeU. 


£.    $.      d. 
421   8   2 


142  7  10 

2596  4  0 

105  17  1 


46  14  0 
2  17  0 
0  8  0 


665  8  10 
59  1  4 


443  1  4 

19  12  1 

9  5  10 

39  6  6 


CyllDders, 
13 Id.  Diuneter; 

Stroke  oTPiaioii,  18 in.; 

Wheeli,  a  ft.  Diameter ; 
Coupled  Wheel*. 


£.    *.  d. 
1079   4   7 


300  19  10 

6997  15  6 

259  12  1 


98  14  3 

32  9  0 

3  5  6 


1406  12  11 
124  17  1 


1472  2  2 

56  15  5 

42  10  4 

83  2  4 
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MR.  BURY  ON  THE  LOCOMOTIVE  ENGINES 


LOCOMOTIVE  POWER  ACCOUNT, 

From  15th  Dcceaiber  1839  to  14th  June  1&40— {continued)- 


■hut 


DIVIDED  ACCORDING  TO  ENGINES  HAVING 


Cylindrrm. 

tain.  DUmofOt; 

Sinikr  uf  V\aioa»  Mia.; 

DUiuteTi 
On*  Pftlr  DiWle;  WbMb. 


CytintUnf 

13  in.  DUnvlar : 

Siniki:  i>r  PUtoo,  16  In- ; 

U'li««U,  5  A-  6  Lft. 

Dittiorlrf  ; 

CDS  nOr  DrhlDK  Wbreb. 


COST  OF  LOCOMOTIVE  POWER- 

(coniinued). 

Cost  per  Mile  travelled  by  the  Engine     . 
Ditto  per  Juurncy  uf  111  Miles     . 
Ditto  per  Tun  Gross  Load  per  Mile    . 
Ditto  ditto  per  Journey 

Sundries 

Ditto  per  Mile  Intvclled  by  the  Engine    • 
Ditto  per  Juuniey  of  11 1  Miles     , 
Ditto  per  Tun  (iross  L<}ad  per  Mile    . 
Ditto  ditto  per  Journey 

Superintendence,  Clerks,  Foremen,  Watch-1 

men,  Office  Expenses,  &c | 

Ditio  iwr  Mile  iruvcUed  by  the  Engine 
Ditto  per  Journey  of  1 11  Miles 
Ditio  per  Ton  Grons  IvOHd  jwr  Mile    . 
Ditto  ditto  per  Journey     .... 


:.       ..  J. 

0  0  3-539 

1  12  9 
0    0  0-069 
0    0  T679 


573  13  6 

0  0  0-291 

0  2  8 

0  0  0-006 

0  0  0-629 


3189  2  0 

0  0  1-614 
0  14  11 
0  0  0-031 
0  0  3-502 


£. 


261     0     6 


1451      1     6 


100     8     0 


558     3     2 


Crtinden. 

13  io  Diuwtn; 

SnokaafFfMn.  Ufa: 

WhMU,  an-  DUartwi 
Cuuplctl  WImsU. 


£. 


212     5     0 


1179  17     4 


Total  Cost  of  Passenger  Trains 

Ditto  of  Merchandize  Triiius   .... 

Ditto  of  Locomotive  Power      .... 

Ditto  [ler  Mile  travelled  by  ihc  Engine     . 

Ditto  ])er  Journey  of  1 II  Miles 

Ditto  per  Ton  Gross  Load  per  Mile  perl 

Passenger  Train ( 

Ditto  ditto  ditto  (>er  Merchandize  Train  . 
Ditto  ditto  per  Journey  per  PassenKcr  Train 
Ditto  ditto  ditto  per  Merchandize  'IVain   . 
Ditto  per  Ton  Net   Load   |>er  Mile  |«rl 

Passenger  Train j 

Ditto  ditto  dido  jier  Merchandize  Train  . 
Ditto  ditto  j>er  Journey  per  Passenger  Train 
Ditto  ditto  ditto  j>er  MerclmndUe  Train  - 
Ditto  per  Passenger  per  Mile  .... 
Ditto  ditto  per  Jouniey  of  U 1  Miles  . 


29562     5     7 
6927     4     2 


36489  9  9 

0  1  6'470 

8  10  10 

0  0  0'462 

0  0  0187 

0  4  3 

0  1  8-75 

0  0  2"  263 

0  0  0-427 

1  0  II 

0  3  irs 

0  0  0-254 

0  2  4*25 


17245  13     0 
693  17   11 


17939  10  11 


0 
9 


1     7-956 
4     7* 


0  0  0-558 

0  0  0-276 

0  5  2 

0  2  65 

0  0  2-731 


0 
1 
0 
0 
0 


0-631 
3 
10 
0  307 

10 


5185     2  11 
15     0  10 


7131     9    8 
6218     5     5 


5200  3  9 

0  I  3-039 

6  19  1 

0  0  0-332 

0  0  0  253 

0  3  1 

0  2  4 

0  0  1 -624 


0    0 

0  15 
0  5 
0  0 
0     I 


0'580 
0 

45 
0-183 

8-5 


13349  15     1 

0     1     6*264 

8     8  11 


0  0  0 

0  0  0 

0  3  9- 

0  I  8 


1^ 


0     0  2  00S 

0     0  0-41S 

0  18  6 

0     3  9-7S 

0     0  0-32V 

0    2  \        j 


*  The  «KMM  of  thli  uaoant  b  dw  u>  nfmiTe  npnin  during  lUg  kalf-)Mir. 


EDWARD  BURY 


OF  THE  LONDON  AND  BIRMINGHAM  IIAILWAY. 


LONDON  AND  BIRMINGHAM  RAILWAY  LOCOMOTIVE  POWER  ACCOUNT. 

From  16th  June  to  15th  December  1840,  inclunive. 

mVlDEO  ACCORDINQ  TO  ENGINES  HAVING 

CTUodn, 

C>llail«n, 

CyUwlwn, 

Cftlodn*. 

13  In.  OfauMtori 

Tout 

Is  Id.  Oi«nwl«r; 

IS  In.  nininrl«T ; 

13  in    DUneter ; 

Strokv  vt  rbtun, 

Stroke  of  FiiUin. 

StMkr  of  PUtoo, 

IB  lD.i 

18  lo.t 

IH  in.; 

IH  tB.  i 

D(iTlBgW|Mwls,5ft. 

DrMnt  Whcrit  a  ft. 

E>H*lt)|WliwU, 

Driving  l^hrel». 

THmmmiar. 

5ft.  fl  to.  DUtDcbii. 

0  ft.  tt  1b.  DiameUr. 

Couptod  WhMla. 

All  Four-WhMlol 

EBflDMi 

65 

1» 

43 

12 

30 

Ditto  Miles  Run  since  the  Opening  of  the 
Railwmy  to  December  1 5th,  1840      .      . 

2,l90.493t 

•        • 

1,325,310 

196,194 

668,989 

Average  Number  o(  ditto  by  each  Engine. 

26.071 

•        • 

31,555 

16,350 

22,300 

Number  of  Miles  Run  from  June  16  to 

December  15,  1840: — 

With  P(i«icni(cr  Trains      .... 

452.660 

2.421 

252.164 

103,514 

94,561 

With  McrchuuUizc  Trains  .... 
Total     .... 
Number  of  Jonmevs  (of  HI  Milee) : — 

105,102 

244 

9.936 

579 

94,343 

557.763 

2,665 

202,100 

104,093 

188,904 

K      Wjtli  Pnsecnper  Trnins       .... 

4,079 

21 
3 

2,271| 

932. 

852 

B     WiUi  Merchandize  Trains.      .      . 

Total     .... 

Greatest  Number  of  Miles  Run  during  the 
same  period  by  any  one  Engine  . 

t)47 

894 

850 

5,025 

24 

2.36li 

937f 

1,702 

. 

. 

13,410 

12,122 

9,181 

Total  Numl>er  of  Passengers  conveyed  one 
Mile  (drntancc  112  mileft)      .... 

25,931,163 

Ditto  (111  Miles)  the  distance  performed 

25.699,635 

Passengers  apportioned  among  the  several 
Engines,  according  to  Grus«  Load 

• 

158,582 

13,146,250 

6,623,437 

5,771,366 

Average   Number  of  Ptissengcrs  per  Trip 
WEIGHT  CONVEYED. 

56} 

65i 

52 

64 

61 

Estimated  GroesWaght  of  each  Passenger 

Toa. 

with  his  luffgage,  including  the  portion 
of  the  weight  of  the  Train  due  to  each/ 

0-56S 

Ditto  Net  Weight  of  ditto  and  Lut'gnfie 

(the  portion   of  the  weight  of  the  Train 

01125 

due  to  each  Passenger  being  exclude<l) 

The  Net  Weight  ofench  H«>r!«e  is  averaged  1 

0-22222 

Ditto  Carriages  with  Baggage,  1  ton    . 

r 

VOU  in. — PART  IV. 


*  nmmj  Ctmbo  (B«lkulKu{iiw). 


t  Eicbair*  of  Humy  Conbet 


z  z 


Vkm 


Total  Time  the  Passenger  Train*  were  in 

Motion      .      .  

Average  Time  per  Journey  (111  Miles)  . 

Average  Speed  of  Piinsenger  Trains     , 
Ditto  Merclmndize  Truins        .      .      .      . 


COKE  CONSUMED. 

Total  Quantity 

Quantity  per  Mile 

Ditto  per  Journey 

Ditto  per  Tuu  of  Gross  Load  per  Mile 
Ditt(»  ditto  per  Journey  .... 
Ditto  per  Hour       ...... 

OIL  CONSUMED. 

Quantity 

iftutity  per  Mile  ,,..«. 
Ditlu  per  Journey 

COST  OF  COKE. 

Total  Co»t 

Cost  per  Mile 

Ditto  per  Journey  (111  Miles)      .      . 

Ditto  per  Ton  of  Gross  Load  per  Mile 
Ditto  ditto  per  Journey  .... 
Ditto  per  llour 

COST  OF  OIL. 

Total  Cost 

Cost  per  Mile 

Ditto  |icr  Journey  (111  Miles)     . 


COST  OF  LOCOMOTIVE  POWER 

{conttnueii). 

Warn  of  Engine  Drivers  ainl  Firemen 

Co«l»,  Firewuuil,  Cuke,  aiid  Oil 

Ptinipiiig  Engines,  Ho»e  Pipes,  and  Fire) 

Tf>ol» f 

Lnbourert  and  Cleaners,  and  Cotton  Waste) 

and  Oil  for  Ditto f 

Repairs  nf  En^nes  and  Tenders,  including 
Filei,  Painting.  &c 

Stinilncs,  viz..  Accident  Account,  and  Gas^ 
at  Slatiuns f 

Superintendent,   ClerVs,   OIBce   Charges,) 
Fureroen,  Watchmen,  &c.  fcc.  •  ( 

Total      .       .      . 


I 


Pasaenger  Trains    . 
Merchandize  Trains 


Total     , 


Coat  par  Mile  travelled  by  Engine 

Ditto  per  Journey  of  1 1 1  Miles 

Cost  per  Ton  of  Gross  Load  per  Mile  : — 

Passenger  Trains 

Merclmndizi-'  Trains     .      .  .      . 

'^oal  per  Ton  of  Gross  Load  per  Journey  :- 

Passeni^er  Trains 

Mcrchiuidtzrr  Trains     .      .      .      .      . 
Coat  jter  Ton  of  Net  Load  per  Mile  : — 

Passenger  Trains 

Merchandise  Trains 

Coat  per  Ton  of  Net  Load  {ter  Journey : — 

Pusvenger  Trains 

Merchandize  Trains 

Cost  per  Poasenijer  per  Mile   .      .      .      . 
Dtlto  ditto  per  Journey      .      ,      .      .      . 


Twul. 


£. 


J. 


34G61     0  10 

8700  10     0 


43367  10  10 


18*661 

C.  ».  rf. 

8  12  7 

0  0  0-435 

0  0  0-207 

0  4  Oi 

0  1  n 

0  0  2-lt»4 

0  0  0-425 

1  0  3^ 
0  3  llj 

0  0  0  24: 

0  2  3i 


DIVIDED  ACCOaDINO  TO  BNDINK:!  BAVINO 


CyHwUn, 

Vi  In.  DUnieur; 

8[rukL-  of  i'lNUnt, 

1)4  In. ; 

DriTln^  WlifwU.  5  h. 

UUuatXa, 


C.        M.      d. 

231     5     7 
23     6     2 


254   11     9 


22  927 

C.        M.  d. 

10  12     1 

0     0     0  470 
0    0    0-275 


0     4     4 
0     2     6 


0  0  2-373 

0  0  0-.'i64 

1  1  11^ 
0  5  2^ 
0  0  0  267 
0  2  5.^ 


CyUnden. 
IS  in.  Di«m«lrt : 
8tlu)w  of  I'lltUD, 

Drtvliti  WhNk 
fi  ft.  0  La*  DuuneloT. 


£. 


I.    d. 


19815     7   10 
780  15     8 


20596     3     6 


CyUntWrv, 

13  In    )>l4inetef : 

Siroku  ur  ?l«Ufn, 

IHin.; 

Driving  MThml*. 

0  ft.  0  ia.  Dwncter. 


£. 


I.     d. 


6731     8    9 
37  13    0 


6769     1     9 


d,  d. 

16-859  15-607 

£.   «.  ti.  £.  «.  d. 

8  14  5  7  4  4 

0  0  0-486  0  0  0*328 

0  0  0-263  0  0  0-201 

0  4  5  0  3  OJ 

0  2  5i  0  1  10| 

0  0  2-452  0  0  1-654 

0  0  0*540  0  0  0-411 

1  2  8i  0  15  3^ 
0  5  0  0  3  S)J 

0  0  0*276  0  0  0*180 

0  2  6i  0  I  8J 


Cylittdm. 
13  lu.  D'uunetrr ; 

IH  tu. : 

DHvliiit  WIimIb.  &  ft. 

Di»n>«tcr ; 

CmiiJed  WIhwU. 


£.    *.   d. 

7882  18  8 
7864  15  2 


15747  13  10 


d. 

20-007 
£.  I.  .A 
9  5  1 

0  0  0.440 
0  0  0-203 

0  4  I 
0  1  10} 

0  0  2-222 
0  0  0'416 


0  6i 
3  loj 


1 

0 

0  0  0*250 

0  2  3£ 
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MR.  BURY  ON  THE  LONDON  AND  BIRMINGHAM  LOCOMOTIVE  ENGINES. 


LOCOMOTIVE  POWER  ACCOUNT. 

REPAIRS  OF  ENGINES  AND  TENDERS. 

From  the  Commencement  of  their 

Running  to  the  15th  December 

1840. 



Number  of  Engines   . 

Total. 

84 

DIVIDED  ACCORDING  TO  THOSE  THAT  HAVE  RUN 

Under 
104)00  Miles. 

10,000  and 
under  SO^MM). 

30,000  ud 
under  30^000. 

30,000  and 
under  40,000. 

40,000  and 
under  50,000. 

4 

19 

33 

19 

9 

Total  Miles  Run  .      . 

2,190,493 

29,996 

31M42 

814.570 

643,008 

391,777 

Average  Number  of ) 
Miles  per  ^ngine    .  f 

26,017 

7.499 

16,376 

24.684 

33,842 

43,531 

£.        M.     d. 

£.      «.      d. 

£.        $.    d. 

£.         '.      d. 

£.         «.     d. 

£.         *.       d. 

Total  Cost  of  Repairs 

25037     1     6 

137     0     3 

2441     4     6 

10163  10     4 

7493     9     8 

4801   16     9 

Average  Cost  per  En- 1 

298     1     2 

34     5     1 

128     9     9 

307  19     9 

394     7  11 

533  10     9 

d. 

d. 

d. 

rf. 

d. 

d. 

Ditto  per  Mile     . 

2-743 

ro96 

1-833 

2-994 

2  797 

2-941 

£.    :     d. 

«.      d. 

#.      d. 

£.     $.     d. 

£.     t      rf. 

£.     $.     d. 

Ditto  per  Journey 

1     5     4^ 

10     li 

17     5 

1     7     8j^ 

1     5  lOi^ 

1     7     2i 

EDWARD  BURY. 
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XIII. — ^n  Account  of  the  Mode  of  Cojuttntcfion  adttpted  in  Building  a  New 
Stone  Bridge  over  the  River  Lea,  at  Straff ord~ie-Bow, 

By  JOHN  BALDRY  REDMAN,  Gnid.  Inst.  CE. 


Tbfl  Old  Bride*. 


Ut.  Bursm'  H\MOtJ 
oTUiM  llHd|«. 


Read  June  18tb,  1839. 

Previous  to  entering  on  a  description  of  the  present  bridge,  and  of  the  works 
connected  therewith,  it  may  be  well  to  give  a  short  history 
of  the  ancient  structure,  wliicli  was  one  of  the  most  interesting 
of  the  kind  in  this  country;  for,  supposiug  any  portion  of  it  to  have  formed 
part  of  the  original  edifice,  it  must  have  possessed  claims  to  antiquity  to  which 
few  others  could  pretend,  a  bridge  having  been  known  to  exist  at  this  spot 
during  the  last  seven  centuries. 

The   following  account  is  abstracted  from  a  very  able  com- 
munication made  by  Mr.  Alfred  Barges  to  the  Antiquarian 
Society  in  May,  1836,  and  published  in  the  Archaeologia,  vol.  xxvii. : — 

After  adverting  to  the  celebrity  of  the  bridge,  the  author  thus  proceeds, — 
"  It  is  situated  in  tlie  immediate  neighbourhood  of  London,  crossing  the 
river  Lea  on  the  high  road  to  Essex,  at  a  distance  not  exceeding  three  miles 
from  the  metropolis. 

"  It  was  erected  in  tlie  early  part  of  the  eleventh  century,  under  the 
auspices  of  the  pious  Matilda,  queen-consort  of  Henry  I.,  to  form  a  more  direct 
and  safe  communication  between  the  metropolis  and  the  county  of  Essex  than 
the  tlien  existing  passage  across  the  river  by  the  dangerous  ferry  at  the 
Old  Ford." 

Speaking  of  the  general  appearance  of  the  bridge,  Mr.  Bulges  says, — *'  It 
possessed  the  character  of  building  that  marked  the  first  attempts  at  bridge- 
building  in  this  country  :  such  as  large  piers  formed  for  the  support  of  small 
and  low  arched  openings,  and  high  battlements  for  the  protection  of  a  roadway 
of  the  narrowest  possible  dimensions.'* 

The  line  of  communication  anterior  to  its  erection  is  then  described,  and 

VOL.  III. — PAHT  v.  AAA 
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MR.  REDMAN  S  ACCOUNT  OF  THE  BRIDGE 


Bulv  invDlloa 
or  tm-  Ruad. 


f\n\  Uridgv. 


omt  Homw.  a^Mu)  soi^e  references   to  the  writers   on  Roman  antiquities  in  this 
nto  ..«it       country  are  made,  to  justify  the  author's  conclusion,  that  the 
Great  Roman  Road  into  Essex,  crossed  the  river  Lea  by  means  of  a  ferry  at 
Old  Ford,  in  which  direction  it  continued  for  many  centuries  after  the  Ro- 
mans had  left  the  island,  until  the  erection  of  a  bridge  at  Bow. 

**  This  road  is  noticed  as  early  as  the  seventh  century,  when 
tlie  body  of  St.  Erkenwald  was  stopped  at  Ilford  and  Stratford 
by  the  flood,  as  it  was  being  conveyed  from  the  abbey  of  Barking,  where  he 
died,  for  interment  in  London :  this  event  occurred  about  a.d.  685,  nearly  300 
years  after  the  Romans  had  left  Britain." 

**  Morant,  in  Ins  historj^  of  Essex,  has  particularly  noticed  these 
roads,  and  the  circumstances  leading  to  the  erection  of  the  bridge, 
in  the  following  passage  : — *  The  ancient  road  from  this  county  to  London  was  by 
Old  Ford,  that  is,  through  the  ford  then  without  a  bridge;  but  that  passage 
being  difficult  and  dangerous,  and  many  persons  losing  their  lives,  or  being 
tlioroughly  wetted,  which  happened  to  be  the  case  of  Maud,  queen  consort  of 
Henry  L,  she  turned  the  road  from  Old  Ford,  to  the  place  where  it  now  is, 
between  Stratford,  Bow,  and  West  Ham,  and  caused  also  the  bridges  and 
causeway  to  be  built  and  made  at  her  own  charge/  " 

The  accurate  historian,  Stow,  also  records  this  event  in  an 
interesting  passage,  which  is  in  substance  nearly  tlic  same  as  that 
already  quoted  :  he  further  notices  the  grant  of  certain  manors  to  the  Abbess  of 
Barking  for  the  repairs  of  the  bridge  :  tliese  lands  were  afterwards  purchased 
by  Gilbert  de  Mountfichot,  he  agreeing  to  keep  the  bridge  and  road  in  repair; 
"  till  at  length,"  says  Stow,  "  bee  laid  the  charge  upon  one  Godfrey  Prat, 
allowing  him  certain  loaves  of  bread  daily,  that  hee  should  repair  the  bridge 
and  way ;  who  being  helpen  by  the  ayde  of  travailers,  did  not  only  performe 
the  charge,  but  was  also  a  gainer  to  himselfe,  which  thing  tlie  abbot  perceiving, 
Lee  withholdes  from  him  parte  of  the  bread  promised :  whereupon  Godfrey 
demanded  a  toll  of  the  way-faring  men,  and  to  them  that  denied  he  stopped 
the  way,  till  at  length,  wearied  with  toyle,  hoe  neglecteth  his  charge,  whereof 
came  the  decay  and  ruino  of  the  stone  bridge  and  way." 

The  memoir,  after  referring  to  other  authors,  gives  some 
extracts  from  the  records  preserved  in  the  Chapter-House  at 
Westminster,  furnishing  detailed  accounts  of  the  proceedings  in  the  Court  of 
King's  Bench,  in  the  sixth  and  eighth  years  of  Edward  IL,  wherein  it  appears 
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that  the  Abbot  of  Stratford,  the  master  of  London  Bridge,  and  the  master  of 
St.  Thomas  of  Acre,  were  dinrged  with  the  repairs,  in  conficquence  of  their 
holding  tlie  lands  originally  granted  by  Matilda  to  the  Abbess  of  Barking  for 
the  support  and  maintenance  of  the  bridges  and  causeway. 

In  Easter  Term,  9th  Edward  IL,  Godfrey,  Abbot  of  Stratford,  acknow- 
ledged his  liability  to  keep  them  in  repair  as  holding  these  lands,  after  many 
years  of  litigation  in  consequence  of  his  having  compelled  persons  to  pay  toll, 
"  From  this  period,"  says  the  author,  "to  the  dissolution  of  the  monastery  in 
the  year  1539  (30  Henry  Vlll.),  we  do  not  find  any  attempt  was  made  to 
throw  off  the  responsibility :  the  bridges  were,  no  doubt,  during  that  period 
properly  taken  care  of.  and  for  some  time  after  they  fell  into  the  hands  of  the 
Crown  required  but  little  repair,  as  we  do  not  find  any  complaint  being  made 
until  the  year  1643,  -when  they  were  again  dilapidated." 

At  this  period  tlie  holders  of  the  lands  originally  granted  for  the  repairs  of 
tlie  bridge  denied  tlieir  liabiHty,  upon  the  plea,  that,  the  lands  having  gone  to 
the  Crown  at  the  dissolution  of  the  monastery,  they  were  not  therefore  liable: 
a  verdict  was,  however,  given  for  the  king.  In  1663  the  question  was  again 
agitated  ;  but  the  landowners  being  advised  by  counsel,  withdrew  their  opposi- 
tion to  the  payment.  In  1690  attempts  were  again  made  to  throw  off  tJie 
burthen ;  but  the  decision  was  still  hi  favour  of  the  Crown,  the  Court  being 
of  opinion  tliat  all  the  lands  of  the  former  monastery  were  liable  to  the 
charge. 

"  From  that  period  to  the  present  day  the  landowners,  profiting  by  the 
experience  of  the  past,  and  not  forgetting  the  wholesome  advice  of  the  honest 
lawyers  of  1663,  have  continued  the  charge  of  the  bridge  and  causeway  at 
Stratford,  for  the  free  and  uninterrupted  use  of  the  public,  as  was  originally 
intended  by  the  royal  founder." 

The  great  Essex  Road,  traversing  a  rich  agricultural  district,  and 
connecting  some  of  the  most  influeutial  towns  and  seaports  Of  the 
south-eastern  district  of  the  kingdom  with  the  metropolis,  becomes  necessarily  a 
very  important  laud  communication ;  and  to  render  it  as  perfect  as  possible 
several  costly  improvements  have  taken  place  from  time  to  time :  perhaps  the 
most  important  of  these  alterations  has  been  tlie  reconstruction  of  Bow  Bridge. 
Dmv.uat.pf the  Authors  liave  assigned  to  the  word  '*  Bow'*  various  derivations. 
«■"«•'■  Stow  says,  "  The  bridge  was  arched  like  a  bowe,  a  rare  piece  ol' 
worke,  for  beibre   tlmt  the  like  had  never  been  seen  in  England.''      And 
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again,  he  says,  "  Stratford  Bridge  being  the  first  builded  with  arches  of  stone 
was  therefore  called  Stratford-le-Bow."  And  Grose  observes,  that  it  might 
have  derived  its  name  from  the  word  beaUf  an  epithet  very  likely  to  have  been 
given  to  it  in  those  days. 

The  words  "  atte  Boghe,"  or  "  atte  Howe,"  appear  to  have  been  added  to 
the  name  of  the  village  on  the  Middlesex  side  of  the  river,  which  is  now  knovn 
by  the  name  of  Stratford-le-Bow. 

This  venerable  and  time  worn  structure  had,  during  the  lapse  of  centuries, 
undergone  many  alterations ;  the  piers  and  abutments  were  probably  the  only 
remaining  portions  of  the  original  edifice ;  the  pointed  arches  could  have 
formed  no  part,  of  the  bridge  of  Queen  Maud,  as  circular  arches  alone  wore 
used  in  those  days ;  the  pointed,  or  Tudor  arches,  were  probably  built  sub- 
sequent to  the  15th  century. 

The  bridge  was  widened  in  1741,  by  which  the  original 
elevation  above  the  pointed  arches  was,  in  a  great  measure, 
obliterated :  as  that  of  the  eastern  arch  remained  more  entire  than  the  others, 
a  separate  elevation  of  it  is  given  (Plate  XIIl.) 

The  piers  occupied  a  large  proportion  of  the  waterway,  and  were  placed  at 
an  angle  to  the  stream,  causing  interruption  to  the  current ;  but,  unlike  most 
of  the  old  bridges  in  England,  the  piers  were  not  surrounded  by  starlings  :  the 
shallowness  of  the  water  may  account  for  tin's. 

Very  little  attention  appears  to  have  been  paid  to  uniformity, 
the  piers  being  of  diiFerent  lengths  and  widths,  and  the  arches 
springing  from  different  levels.  The  side  arches  had  a  strong  rib  projecting 
below  the  fMjffit  at  the  centre,  as  was  at  that  period  the  general  practice.  • 

The  elevation  presented  a  very  patched  appearance  from  the  numerous 
additions ;  and  if  any  portion  of  the  original  structure  remained,  it  was,  as 
before  stati^d,  within  tlie  casing  of  the  piers  and  abutments.  The  bridge  was 
built  of  Portland  and  Kentish  stone,  with  some  Caen  stone  for  the  arches. 

Mr.  Burges  concludes  his  account  by  saying, — "  TTie  filling 
in  of  the  arches,  between  the  face  courses  and  the  centre  rib,  is 
little  better  than  rubble  masonry,  the  stones  of  which  are  both  rough  and 
irregular  in  size,  the  joints  wide,  and  in  several  places  tiles  are  employed  to 
wedge  the  whole  together. 

"The  masonry  of  the  centre  arch  is  of  a  different  character  to  tliat  already 
described :  the  outside  face  courses  are  also  in  two  thicknesses,  composed  of 
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Kentish  ragstonc  witli  a  few  of  Caen  stone,  which  no  douht  had  been  saved 
from  a  former  arch ;  while  the  filling-  in  between  is  entirely  built  of  Kentish 
stone  in  regnlar  conrses,  very  neatly  put  together,  and,  as  already  stated, 
without  any  rib  or  other  projection.** 

"  The  external  face  of  the  bridge  above  the  arches  is  formed  of  common 
rubble  masonry.  The  masonry  of  the  additional  arching,  &c.,  made  to  the 
bridge  in  1741,  consists  principally  of  Purbeck  and  Portland  stone,  built  in 
regular  courses,  in  a  firm,  substantial  manner." 

On  referring  to  the  drawing  of  the  old  bridge  (Plate  XIIL),  it  will  be  seen 
that  the  centre  arch  sprung  from  a  higher  level  and  was  less  pointed  than  the 
side  ones,  in  order  most  probably  to  increase  the  waterway  for  the  barges 
frequenting  the  navigation.  From  the  projections  in  the  sides  of  the  piers, 
whence  apparently  the  former  arch  sprung  at  a  lower  level,  it  would  appear 
that  the  centre  arch  had  been  orijirinallv  similar  to  the  side  ones :  the  elevation 
had  likewise  evidently  been  much  altered  in  widening  the  bridge  in  1741,  by 
the  addition  of  angular  projections  to  the  piers,  and  by  extending  the  face  of  the 
bridge,  on  arches  springing  from  these  projections,  at  a  higher  level  than  the 
,  original  ones.  The  extreme  width  of  the  bridjre,  before  this  alteration, 
owBtwgfc  ^^^  ^g  £^^^  2  iuches,  including  the  side  walls:  by  the  above  addition 
the  clear  width  of  the  bridge  was  increased  to  20  feet  5  inches  at  the  west,  and 
22  feet  2  inches  at  the  east  end.  The  span  of  the  side  arches  was  20  feet  3  inches, 
and  that  of  tbe  middle  arch  22  feet  10  inches,  making  63  feet  4  inches  water- 
way ;  but  tlie  Middlesex  arch  was  considered  of  little  use  for  navigation,  and 
its  capabilities  of  drainage  were  much  reduced  by  the  lateral  projection  of  the 
wharfs. 

The  soffits  of  the  side  arches  in  the  centre  were  only  3  feet  9  inches  above 
the  level  of  high  water  at  spring-tides,  the  middle  arch  being  2  feet  higher; 
and  an  extraordinary  flood  has  been  known  to  close  the  side  arches.  From  the 
above  causes,  and  from  the  contraction  of  the  waterway  by  the  great  thickness 
of  the  piers,  and  their  direction  not  being  in  a  line  with  the  course  of  the  river, 
the  bridge  was  considered  an  obstruction  to  the  free  navigation,  and  also  dan- 
gerous as  a  highway,  on  account  of  its  narrowness  and  the  want  of  footpaths : 
the  wooden  platform  which  had  been  erected  on  the  north  side  affording  only  a 
partial  accommodation  to  pedestrians. 

The  bridge  being  thus  considered  insufficient,  Mr.  Walker  was  requested, 
by  the  trustees  of  the  Middlesex  and  Essex  turnpike  roads,  to  estimate  the 
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expense  of  widening  the  bridge,  and  aI»o  to  prepare  plans  and  estimates  for  a 
new  bridge  of  one  arch.  A  report  was  accordingly  made  in  January,  1828, 
which,  after  giving  a  short  history  of  the  old  bridge,  showed  that,  owing  to 
the  causes  stated  above,  it  occasioned  a  greater  inconvenience  to  the  navigation 
than  even  to  the  road-trust.  Various  estimates  and  plans  accompanied  this 
Report,  that  for  a  stone-bridge  of  one  arcli  being  the  one  selected.  An  Act  of 
Parliament,  for  taking  down  the  old  bridge  and  erecting  the 
new  one,  was  obtained  in  1834 ;  and  drawings  of  the  bridge 
having  been  prepared  by  Messrs.  Walker  and  Burges,  tlie  tender  of  Messrs. 
Curtis  of  1 1,000A  founded  on  the  same  was  accepted,  and  the  preliminary 
operations  were  commenced  in  April,  1835. 

The  temporary  bridges  being  finished  (as  described  page  34fl) 
and  opened  to  the  public  in  July,  1835,  the  removal  of  the  old 
bridge  was  proceeded  with,  the  best  of  the  stones  being  preserved  for  the 
rubble  masonry  of  the  new  bridge. 

The  arches,  during  the  removal,  were  supported  by  proper  centering; 
when  the  covering  was  removtd  and  the  old  roadway  laid  bare, 
the  track  of  horses  and  cattle  was  clearly  defined  by  a  hollow 
worn  into  the  arch  stones,  and  on  each  side  of  it  were  deep  wheel-cuts,  on 
an  average  6  to  8  inches  deep  and  9  inches  wide,  aiid  distant  from  each  other 
from  centre  to  centre  about  4  feet  C  inches,  being  worn  in  places  to  within 
3  or  4  inches  of  the  soffit :  the  Section  (Plate  XIII.)  illustrates  this  more  clearly. 
This  most  probably  was  the  state  of  the  bridge  at  one  of  those  early  periods 
already  mentioned,  when,  owing  to  tlie  disputes  relative  to  the  maintenance 
of  the  structure,  it  had  become  dilapidated.  The  piers  were  removed  down 
to  the  bed  of  the  river,  and  those  portions  of  the  abutments  which  interfered 
with  the  new  work  were  taken  down. 
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The  New  Bridge. 

The  new  bridge  is  constructed  of  Aberdeen  granite  :  it  consists 
of  a  single  elliptical  arch  of  64  feet  span  on  the  square  line 
and  66  feet  on  the  skew,  with  a  versed  sine  of  13  feet  9^  inches;  the  high 
water  of  ordinary  spring  tides  rises  to  witliin  6  feet  9  inches  of  the  crown  of  the 
arch,  the  low  water  level  of  the  same  tides  being  7  feet  lower.  The  foundations 
of  the  bridge  are  all  laid  upon  the  gravel,  the  clay  sul)Stratiim  being  20  feet 
below  the  level  of  low  water. 
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The  width  of  the  bridge  between  the  parapets  is  40  feet,  consisting  of  a 
roadway  30  feet  in  width,  and  two  paved  footpaths  of  5  feet  each.  The  abut- 
ments on  the  square  line  are  42  feet  7J-  inches  wide,  and  on  the  skew  43  feet 
104-  inches;  their  greatest  thickness  is  15  feet,  with  wing  walls  and  counter- 
forts each  measuring  5  feet  in  thickness  ;  the  wing  walls  are  25  feet  in  length, 
and  the  counter-forts  15  feet,  formed  as  shown  (Plates  XIV.  and  XV.)  The 
total  length  of  the  bridge  to  the  ends  of  the  wing  walls  is  146  feet,  the  lengths 
of  the  retaining  walls  varying  to  suit  the  adjacent  property. 

The  arch  is  composed  of  65  voussoirs,  varying  from  4  feet  to  2 
feet  6  inches  in  depth,  the  latter  being  the  dimensions  of  the  key 
stone.  Theashlar  facing  runs  in  horizontal  courses,  header  and  stretcher  alter- 
nately, the  former  being  from  2  feet  to  3  feet  long,  and  from  1  foot  3  inches  to 
1  foot  9  inches  on  the  face;  and  the  latter  averaging  3  feet  t«  4  feet  in  length, 
by  I  foot  3  inches  in  depth :  the  heights  of  the  courses  vary  from  22  inches  to 
12  inches,  the  upper  courses  increasing  in  height  towards  the  centre,  so  as  to 
range  with  the  cornice. 

Before  the  old  bridge  was  removed,  it  was  necessary  to  construct 
temporary  bridges,  the  situations  of  which  are  shown  in  the  plan 
of  the  abutments  and  cofferdams  (Plate  XIV.)  The  temporary  road  bridge  was 
supported  on  piles  of  whole  timbers,  with  cap-sills  12  inches  by  6  inches  mor- 
ticed on  to  them,  and  bearers  12  inches  square  above  them  to  which  the  plank- 
ing was  spiked.  The  piles  were  driven  7  feet  deep  into  the  bed  of  the  river ; 
those  within  the  line^i  of  wharfing  were  from  7  feet  to  9  feet  below  the  level  of 
the  wharfs.  The  ends  of  the  cap-sills  projected  beyond  the  line  of  the  bridge 
and  carried  the  j>osts  of  the  railing,  wliich  were  let  tlirough  the  jjlanking  and 
tenoned  into  them,  being  also  secured  by  a  wrought-irou  strap  round  the  post: 
wood  spurs  were  likewise  fixed  to  the  outsides  of  each  post,  the  planking  pro- 
jecting to  receive  the  other  end. 

The  piles  were  secured  by  braces  and  wales  bolted  to  them.  Tlie  fences  on 
each  side  were  6  feet  high  above  the  roadway,  consisting  of  planking  1  inch 
thick  nailed  to  two  rails  in  height,  and  a  |)lank  at  the  bottom  for  supporting 
the  material  of  the  roadway.  Two  recesses  were  formed  in  the  fences  on  both 
sides  of  the  bridge  for  the  protection  of  foot  passengers.  The  tiniber  foot- 
bridge formerly  added  to  the  old  bridge  was  reniovcd  to  the  north  of  the  site 
of  tlie  new  bridge,  and  being  supported  on  suitable  piles  and  bearers,  formed 
a  temporary  bridge  for  pedestrians. 
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The  piles  being  driven,  the  waling-pieces  were  bolted  to  the  outside; 
each  wale  consisted  of  two  pieces  of  plank  13  inches  wide  by  3^  inches 
thick,  making  a  waling  7  inches  in  thickness.  A  single  row  of  whole  tim- 
ber sheet  piles,  each  '22  feet  6  inches  long  with  iron  shoes,  was  then  driven  out- 
side to  a  depth  of  9  feet  into  the  bed  of  tlie  river.  The  sheet  piles  were  each 
bolted  to  the  wahngs,  their  tops  levelle<l,  and  the  whole  well  caulked,  to  render 
them  perfectly  water  tight.  A  trench  was  excavated  at  the  foot  of  tlie  coft'cr- 
dam  on  the  outside,  and  filled  witli  clay,  and  at  the  junction  with  the  wliurfs 
on  the  banks  of  the  river  the  clay  was  protected  from  the  current  by  planks 
laid  on  their  edges,  and  supported  by  short  piles;  any  leakage  in  the  coffer- 
dam was  also  more  fully  guarded  against  by  driving  piles  inside  the  darns 
across  the  angles,  with  planking  laid  horizontally  against  tliem,  and  the  whole 
of  tlie  intervening  space  tilled  in  solidly  with  clay :  this  piling  and  planking 
was  further  secured  by  being  bolted  to  the  dam. 

As  tlie  excavation  for  the  abutments  proceeded,  the  cofferdams  were  further 
strengthened  by  part  of  the  excavated  material  being  thrown  against  the  foot 
of  the  sheet  piling  on  the  inner  side;  struts,  about  45  feet  in  length  and  12 
inches  si|uare,  were  placed  witli  one  end  resting  on  the  ground  at  the  back  of 
the  abutments,  and  the  other  placed  upon  cleats  against  the  main  piles. 

Each  dam  was  furnished  with  a  trunk  to  which  a  water-tight  valve  was  fitted 
for  letting  off  the  water ;  a  well  was  also  formed  in  front  of  the  abutments 
for  the  collection  of  the  water,  which  flowed  freely  from  the  land-springs  on  the 
Essex  side,  so  that  a  double-headed  puTup,  worked  by  twelve  men,  was  kept  fully 
at  work  draining  the  cofferdam  :  on  the  Middlesex  side  there  was  less  water. 
The  dams  being  closed,  the  excavation  was  carried  to  a  depth 
of  12  inches  below  the  lowest  course  of  footings ;  the  area  of  the 
foundations  was  enclosed  by  iron-shod  slieet  piling  of  elm  timber,  10  feet  long 
and  6  inches  thick,  sawn  on  the  front,  planed  straight  on  the  edges,  and  driven 
verticidly  into  the  ground.  Great  care  was  taken  to  drive  these  piles  perfectly 
straight  and  close,  so  as  to  form,  when  the  tops  were  levelled,  a  solid  and  com- 
pact foundation.  A  wale  of  sawn  timber,  12  inches  by  6  inches,  was  secured 
outside  and  bolted  to  each  pile  :  the  whole  was  secured  to  the  foundations  at 
distances  of  6  feet  apart  by  wrouglit-irou  ties,  I^  inch  diameter,  with  jagged 
ends,  let  into  the  upper  face  of  the  first  course  of  footings :  they  were  run 
with  lead  at  one  end,  and  screwed  up  outside  against  cast-iron  washei's  let  into 
the  waling. 

VOL.  111. — PART  v.  B  B  B 
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The  first  stone   (containing  a  plate  bearing  an  inscription, 
with  the  names  of  the  Committee  of  Trustees,  kc.,  and  some 
coins  of  the  realm)  was  laid  on  the  12th  December,  1835. 

The  concrete  was  composed  of  one  measure  of  fresh  burnt 
ground  lime,  to  eight  measures  of  river  gravel  and  sand,  mixed 
dry;  water  was  then  added,  and  the  whole  mixed  together,  and  in  this  state 
thrown  in  from  a  height  of  about  10  feet. 

A  bed  of  this  concrete,  12  inches  thick,  was  placed  on  t!ie 
site  of  the  foundations,  and  upon  this  the  lower  course  of  footings 
was  laid :  this  and  the  two  next  courses  of  footings  were  formed  of  Roche 
Portland  stone.  The  beds  and  joints  were  worked  square  and 
levelled,  and  the  face  and  upper  surface  of  the  offsets  picked 
fair;  the  whole  was  laid  in  puzzolana  mortar,  carefully  mixed  in  the  proportion 
of  one  measure  and  a  half  of  sand,  one  of  puzzolana,  and  one  of  lime ;  the 
lime  was  slaked  and  mixed  with  the  sand,  passed  through  screens,  and  after- 
wards worked  to  a  proper  consistency  by  a  horse-mill;  a  grouting  composed 
of  the  same  materials  was  poured  into  the  vertical  joints.  The  arch-stones 
were  also  completely  embedded  in  the  same  material. 

The  mortar  for  the  interior  stone-work,  the  sides  of  the  abut- 
ments, and  the  upper  work,  was  composed  of  three  measures  of 
sand  to  one  of  lime. 

As  the  courses  of  the  abutments  advanced,  the  backing  was 
brought  regularly  up  to  the  same  level,  the  best  stones  from 
the  old  bridge  being  taken  for  this  purpose ;  t!ie  rubble  stones  composed  the 
mass,  and  the  largest  and  squarest  pieces  laid  alternately  header  and  stretcher 
formed  the  face.  The  rubble  throughout  was  laid  carefully  by  hand,  rammed 
down,  and  flushed  up  solid  in  mortar.  When  the  stone  from  the  old  bridge 
failed,  Kentish  ragstone  and  brickwork  were  introduced.  The  best  of  the  ex- 
cavated material  was  rammed  in  front  of  the  wing  walls  ;  and  at  the  back,  the 
whole  was  filled  in  solid  with  concrete  to  the  slopes  of  the  excavation. 

After  four  courses  of  granite  were  completed,  the  arch-stones 
set  at  the  springings,  and  the  backing  advanced  to  the  same 
level,  the  first  truss  of  the  centering  whs  set  up  at  each  side,  upon  the  supporting 
piles;  the  work  was  then  advanced  to  the  sixth  course  upon  the  first  trusses, 
when  the  dams  were  removed  :  four  more  courses  were  then  added  on  the  Essex 
aide  and  two  on  tiie  Middlesex  side,  after  which  the  centering  was  completed: 
it  consisted  of  eight  ribs  framed,  as  shown  in  Plate  XV,,  bound  at  the  joints  by 
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wrouglit  iron  straps  and  keys,  and  supported  on  piles  15  feet  long,  driven  7  feet 
into  the  bed  of  the  river.     The  timber  used  was  Dantzig  fir,  with  the  exception 
of  the  king-posts  and  striking  wedges,  which  were  of  English  oak. 
The  scantlings  of  the  various  parts  were  as  follows,  viz. : — 

Piles 12  inches  x   12  inches 

Sills 12    „        X     6      „ 

Principal  framing .  12  „  x  12  „ 
Struts  ....  10  „  X  10  „ 
Braces     .     .     ,     .     10     „        x     5      „ 

Kings 12     „        X   14      „ 

After  the  centering  was  framed,  the  timbers  being  properly  bolted  together, 
and  the  trcssels  and  cap-sills  strongly  braced,  each  rib  was  accurately  shaped 
to  a  curve  G  inches  below  the  soffit  of  the  arch,  by  blocking  pieces  fixed  to  the 
ribs,  of  the  same  widtli,  and  carefully  adjusted  to  the  requisite  curve;  the 
covering  of  fir  planking  6  inches  thick  for  carrying  the  arch  stones  was  then 
laid  and  spiked  to  the  ribs.  The  centering  being  completed,  the  work  pro- 
ceeded ;  the  crown  of  the  centering  being  loaded  with  the  upper  arch-stones, 
to  prevent  it  from  yielding  to  the  pressure  caused  by  the  laying  and  setting  of 
the  lower  arch-stones. 

Aibur  '^^*^  north  side  of  the  Middlesex  abutment  next  the  washway,  from 

ftwory.  ^jj^  footings  upwards  as  well  as  the  wing- walls,  are  faced  completely 
with  granite  ashlar.  The  courses  of  ashlar  were  flushed  up  solid  in  mortar,  the 
stones  laid  header  and  stretcher  alternately ;  none  of  the  joints  exceeded  an 
eighth  of  an  iacli  in  tliickness,  the  front  ones  being  pointed  with  cement:  care 
was  taken  that,  when  set,  the  stones  should  lie  on  their  natural  beds,  nor  was 
any  packing  whatever  allowed.  The  ashlar  was  faced  with  a  draught  round 
the  outside,  and  the  space  within  fine-picked,  no  stone  breaking-joint  on  the 
face  less  than  12  inches. 

To  form  the  curve  of  the  arch,  and  the  templates  for  the  arch-stones, 

the  chord  and  versed  sine  were  laid  out  on  a  floor,  and  the  ordinates 

to  the  lower  and  up)>er  angles  of  the  arch-stones  calculated  and  set  ofl*;  moulds 

or  templates  were  formed  from  this  diagram,  and  the  stones  were  worked  from 

tliem  ;  tlie  moulds  for  the  centering  were  likewise  formed  from  this  curve. 

The  arch-stones  are  set  parallel  to  the  abutments,  consequently  the  construc- 
tion is  the  same  as  though  the  arch  had  been  square,  the  skew  or  angle  of  the 
arch  being  worked  out  on  the  face. 
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The  arcli-stones,  after  being  carefully  set,  were  driven  close  together, 
and  the  key  stones  in  closing  the  arch  fitted  extremely  tiglat  and  solidly. 
The  last  key  stone,  containing,  in  a  recess  cut  in  its  bed,  a  bronze  medal 
of  Her  Majesty  Queen  Victoria,  was  laid  on  the  31st  of  January,  1838,  by 
Jolin  Henry  Pelly,  Esq.,*  thocliairman  of  the  Trustees,  to  whose  indefatigable 
zeal  the  public  arc  principally  indebted  for  this  useful  work. 

Tlie  arch  being  keyed  and  time  having  been  allowed  for  its 
settling,  the  wedges  of  the  centering  were  eased  on  tlie  13th  March, 
1838,  and  the  next  day  the  centering  was  completely  struck  ;  the  level  of  the  arch 
was  tried  on  the  1.5th  of  the  same  month,  both  at  the  north  and  south  side,  and  it 
was  found  to  have  subsided  half  an  inch  from  the  fii-st  easing  of  the  centering ; 
during  the  erection  the  structure  had  settled  one  inch  ;  in  setting  out  the  work  2 
inches  had  been  allowed  for  subsidence,  the  rise  of  the  arch  being  made  13  feet 
11  inches,  for  13  feet  9  inches,  the  intended  rise  leaving  still  half  an  inch  for 
any  future  settlement,  of  wliich,  iiowever,  there  is  not  at  present  any  appearance. 
The  arch  being  completed,  and  the  masonry  of  the  abutments  and 
wing-walls  brought  up  to  the  proper  level,  the  cornice  course  was 
set,  the  stones  averaging  4  feet  in  length,  attached  together  on  the  upper 
bed  by  joggles  of  Yorkshire  stone  4  inches  square  by  3  inches  long,  let  flush 
in.     (Plate  XV.) 

The  inclination  of  the  cornice  on  each  side  from  the  centre  of  the  bridge  to 
the  finishing  pedestals  is  12  inches,  which  is  the  same  as  that  of  tiie  footpaths. 

The  cornice  courses  being  set,  the  parapets,  which,  including  the  plinth,  are 
in  single  stones,  were  next  constructed :  their  height  is  5  feet  3  inches,  by  12 
inches  thick,  with  a  projection  of  2  inches  outside  the  base,  18  inches  in  height, 
forming  an  outer  plinth ;  the  inner  face  being  flush  from  the  foot  pavement  up- 
wards, thereby  increasing  the  width  of  the  foot  ways. 

The  parapet  stones  average  from  3  to  4  feet  in  length :  they  are  secured 
at  the  joints  and  at  bottom,  to  the  cornice,  by  joggles  6  inches  long,  4  inches 
square  in  the  middle,  and  tapering  at  the  ends :  each  stone  was  set  up  in  its 
place  by  means  of  an  iron  clamp  of  a  horse-shoe  shape,  which,  embracing  the 
upper  part  of  the  stone  and  being  secured  to  it  by  a  screw,  enabled  it  to  be 
lifted  to  its  position  by  a  block  tackle.  The  face  of  the  stone  was  protected 
from  injury  by  a  piece  of  lead  placed  beneath  the  point  of  the  screw. 


•  Now  Sir  John  Henry  PcUy,  Bart. 
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By  this  means  tlie  stones  were  accurately  bedded  before  any  mortar  was 
used;  any  inequality  in  the  bed  or  otherwise  was  rectified,  and  they  were  then 
set  in  puzzolana  mortar  :  a  channel  having  been  cut  in  the  joints  of  the  stones 
from  tlie  top  to  the  bottom,  leading  to  the  joggle  holes,  liquid  grouting  was 
poured  in  until  it  filled  up  all  the  interstices.  The  pedestals  at  the  ends  of 
the  wing-walls  were  set  and  joggled  in  like  manner  to  the  parapet. 

The  crown  of  the  arch  and  tops  of  the  abutments  were 
covered  with  concrete  1  foot  6  inches  thick,  composed  of  the 
same  materials  as  that  used  for  the  foundations ;  on  this  bed  were  laid  the  foot- 
pavements  of  Aberdeen  granite,  in  stones  of  4  feet  4  inches  long,  and  G  inches 
thick,  averaging  2  feet  to  3  feet  in  breadth,  boimded  by  curl)  stones  8  inches 
wide,  outside  of  which  three  rows  of  pitching-stones  were  placed. 

The  roadway  was  formed  of  screened  gravel,  to  the  depth 
of  6  inches  over  the  crown  of  the  arch,  bedding  immediately 
upon  the  concrete  substratum,  and  to  a  like  depth  over  the  abutments.  It 
ranges  with  the  cornice  in  its  longitudinal  direction,  and  falls  3  inches  from  the 
centre  to  the  curb  stone  on  each  side. 

The  approaches  were  formed  of  a  bed  of  gravel,  over  which 
a  G-inch  dressing  of  screened  gravel  was  laid,  the  whole  being 
graduated  to  an  inclination  of  one  in  thirty.  On  the  Middlesex  side,  north 
and  south,  and  on  the  Essex  side  to  the  south,  brick  retaining  walls  capped 
with  granite  were  built,  and  the  footi>ath8  of  the  approaches  were  protected 
by  granite  curbs.  The  bridge,  being  completed,  was  opened  to  the  public  on 
the  14th  February,  1839. 

The  engineers  intx?nded  this  bridge  to  have  been  entirely  constructed  of 
Aberdeen  granite,  but  the  difficulty  experienced  in  procuring  a  sufficient 
supply,  without  delaying  the  work,  rendered  it  advisable  to  permit  the  con- 
tractors to  construct  the  nortli  parapet  of  Penryn  granite,  and  to  substitute 
Herm  and  Penryn  stone  for  three  of  the  arch-stones ;  it  is  nevertheless  per- 
haps the  most  complete  specimen  of  masonry,  in  Aberdeen  granite,  in  the 
neighbourhood  of  London. 

JOHN  B.  REDMAN. 
Limehouic,  May,  1839. 
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XIV. — Observations  on  the  Effects  produced  by  TVind  on  the  Suspension 
Bridge  over  the  Menai  Strait,  more  especially  as  relates  to  the  Injuries 
sustained  by  the  Roadways  during  the  Stonn  oj^  January ^  1H39;  together 
with  brief  Notices  of  various  Stfggestions  f/r  Repairing  the  Structure. 

By  W.  A.  PROVIS,  M.  lait.  C.E. 

Read  February  16,  1841. 

Many  erroneous  and  contradictory  reports  having  been  circulated  as  to  tlie  in- 
jurious efTects  of  winds  on  the  Menai  Bridge,  I  have  thought  it  right  to  record 
such  of  the  principal  facts  relating  to  the  matter  as  have  come  within  my 
knowledge  ;  and  believing  that  they  will  not  be  uninteresting,  I  am  induced  to 
submit  them  to  the  consideration  of  the  Institution  of  Civil  Engineers. 

Mwflwnioi       ^"  ^^^^  months  of  December,  1825,  and  January,  1826,  when  the 

bridge  was  nearly  completed,  several  severe  gales  occurred  in  suc- 
cession, and  considerable  motion  was  observed  both  in  the  main  chains  and  the 
platform  of  the  carriage  ways  and  footpath.  At  that  time  the  four  lines  of 
chains  were  not  transversely  connected  togetlier,  nor  were  the  roadways  finished ; 
but  as  it  a])peared  that  the  chains  were  not  always  acted  upon  by  the  wind 
simultaneously,  nor  with  equal  intensity,  it  was  believed  that  by  attaching  them 
to  each  other,  so  as  to  retain  them  in  parallel  planes,  and  thus  check  the  tendency 
to  motion  of  any  one  of  the  lines  by  the  vis  inertia  of  those  which  were  not 
similarly  influenced,  the  total  amount  of  movement  would  be  diminished  or 
neutralized. 

Though  the  parapet  railing  and  some  unimportant  parta  had  not 

been  then  completed,  the  bridge  was  opened  to  the  public  on  the 
30th  Januar)',  1826.  On  the  6th  February  following  there  was  a  heavy  gale, 
which  blew  some  of  the  yet  unfixed  parapet  into  the  strait,  and  caused  so  much 
motion  in  the  chains  and  roadways,  as  to  break  several  of  the  vertical  suspend- 
ing rods,  and  many  of  the  iron  bearers  or  joists  which  supported  the  platform 
of  the  roadways. 

coBMnictioa       ^^^  beaTcrs  or  joists  were  each  composed  of  four  horizontal 
'*"■"    bars, two  of  them  12  feet  long,  and  the  otlier  two  16  feet  long  each. 
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The  bridge  being  28  feet  wide,  a  bar  of  12  feet  long,  with  one  of  16  feet, 
made  up  the  total  widtJi ;  and  these  two  being  connected  with  the  other  two 
similar  bars,  having  that  of  1 2  feet  long  placed  alongside  that  previously  laid 
of  16  feet,  and  the  second  16  feet  bar  alongside  the  first  of  12  feet,  the  two 
longer  bars  thereby  overlapped  each  other  4  feet  (or  the  width  of  the  footpath) 
in  the  middle  of  the  bridge.  The  eyes  at  the  lower  ends  of  the  four  vertical 
suspending  rods,  which  ranged  in  the  transverse  direction  of  the  bridge  at  the 
respective  distances  of  12,  4  and  12  feet  from  each  other,  were  passed  between 
the  two  pairs  of  horizontal  bars  and  bolted  through  them.  Beneath  each  of 
the  12  feet  lengths  a  tie-rod  with  a  king-post  was  introduced,  to  prevent  the 
bars  from  bending  between  their  points  of  suspension.  All  these  were  screwed 
together  so  as  to  become  in  effect  one  nearly  inflexible  joist  suspended  at  four 
different  points  of  its  length. 

The  motion  which  had  been  anticipated  was  that  of  simple 

undulation  flowing  in  waves  at  right  angles  to  the  length  of  the 
bridge ;  and  liad  tbis  been  the  only  motion,  the  beard's,  it  is  apprehended, 
would  not  have  been  injured  by  the  gale.  They  would  have  been  equally 
raised  or  depressed  throughout  their  lengths  as  the  wave  rolled  forward,  and 
been  subjected  to  no  strain  wliich  they  were  not  fully  competent  to  resist. 

The  movement  of  this  undulatory  wave,  however,  was  oblique  with  the  lines 
of  the  bearers  and  their  suspending  rods  as  well  as  with  the  general  direction  of 
the  bridge.  In  other  words,  when  the  summit  of  the  wave  was  at  a  given 
point  on  the  windward  side  of  the  bridge,  it  was  not  opposite  this  point  on  the 
leeward  side,  but,  in  relation  to  the  flow  of  the  wave,  considerably  behind  it ; 
the  motion  appealing  to  be  generated  on  the  windward  side,  and  by  the  time 
it  had  crossed  to  the  leeward  it  had  also  moved  forw^ard  along  that  on  wliich  it 
had  commenced. 

The  tendency  of  this  undulation  was  to  bend  every  bearer  into 

a  form  produced  by  the  oblique  intersection  of  a  vertical  plane 
with  the  surface  of  the  moving  wave,  and  this  form  necessarily  varied  with 
every  change  in  the  j>osition  of  the  wave. 

To  this  cause  nmst  be  attributed  the  failure  of  those  bearers  which  were 
broken  by  the  gale.  They  had  been  constructed  for  the  pur})ose  of  resisting 
the  species  of  strain  to  which  it  was  expected  they  would  he  exposed,  but  they 
were  deficient  in  strength  where  that  strain  was  greatest.  They  were  uni- 
formly fractured  at  the  eye«  of  the  16  feet  bars  where  tliey  were  suspended  from 
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the  rods  on  each  side  of  tlie  footpath,  and  at  those  parts  of  the  bridge  which 
were  about  midway  between  its  centre  and  the  supporting  pyramids. 

Am-uniof  ^^^^  motion  was  ol>serve<i  to  be  greatest  about  half  way 

"'""*  between  the  pyramids  and  the  centre  of  the  bridge.     The 

wave  increased  in  its  progress  from  the  pyramid  till  it  attained  its  maximum 
altitude  near  the  first  quarter,  and  at  the  same  instant  the  extreme  depression 
was  near  the  third  quarter.  The  wave  then  gradually  diminished  to  the  centre 
of  the  bridge  and  afterwards  increased  to  the  third  cjuarter,  when  it  attained 
its  greatest  height  at  the  same  time  that  the  first  quarter  was  most  depressed. 
The  platform  and  the  main  chains  were  equally  subjected  to  this  undulatory 
motion :  the  latter  also  oscillated  sHghtly. 

The  bearers  or  joists  supported  the  double  tier  of  planks 

Tl»  PUlAim.  .        . 

which  constituted  tlie  principal  part  of  the  platform.  Both 
tiers  were  placed  longitudinally,  as  giving  most  strength  for  supporting 
passing  loads.  They  were  considered  to  be  sufficiently  connected  transversely 
by  the  iron  joists  upon  which  they  rested. 

c«u»ufui»uiiur«>       ^^^  planks  forming  the  roadways  were  bolted  to  the  bearers, 

orswp«iMiu>«n.d..  ^jjj  notched  to  fit  closely  around  the  lower  ends  of  the  vertical 
suspending  rods,  wliicli  were  thereby  held  almost  immovably  in  the  platform. 

During  the  undulations  to  which  the  bridge  was  exposed,  the  surface  of  the 
roadway  continually  clianged  its  position  relatively  to  the  lines  of  the  suspend- 
ing rods;  the  latter  preserving  their  tendency  to  hang  vertically  as  when  in  a 
state  of  rest,  whilst  the  platform  changed  its  relative  angle  with  everj'  variation 
of  the  moving  wave*  This  bent  the  suspending  rods  backwards  and  forwards 
at  the  part*  where  they  were  held  fast  at  the  surface  of  the  roadways,  and  there, 
in  many  instances,  wrenched  tliem  asunder. 

The  failure  of  these  suspending  rods  and  bearers  was  evidently  to  be  attri- 
buted to  the  character  as  much  as  to  the  amount  of  motion  which  had  existed 
during  the  gale.  It  was  also  obvious  that,  owing  to  the  peculiar  nature  of 
this  motion  not  having  been  anticipated,  some  of  the  means  which  had  been 
adopted  to  give  rigidity  to  the  platform  had  not  possessed  sufficient  strength, 
whilst  others  had  acted  prejudicially. 

Such  were  the  principal  injuries  caused  by  the  gale;  and  as  the  bridge  had 
been  opened  a  week  for  public  intercourse,  it  was  necessary  to  apply  immediate 
remedies. 

There  were  a  few  spare  8U8j>ending  rods  on  the  spot,  which 
were  immediately  used  to  replace  those  which  had  been  broken 
VOL.  in. PART  v.  c  c  c 
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or  damaged.  The  planks  of  the  platform  were  cut  away  for  about  an  inch 
round  all  the  suspending  rods,  so  as  to  give  them  room  to  play  where  they  had 
previously  been  held  firmly. 

Beneath  each  place  of  fracture  of  the  roadway  bearers  an  iron  stirrup  was 
passed,  having  a  broad  sole  at  the  bottom  to  support  tlie  broken  ends  of  the 
horizontal  bars,  and  a  pair  of  eyes  at  the  upper  extremities  by  wliich  it  was  sus- 
pended from  the  vertical  rod. 

s^]fImn^n^         Between  each  two  bearers  an  oak  plank,  about  15  feet  long,  was 
***"**■      introduced  and  bolted  to  the  underside  of  the   platform,  thereby 
tying  it  together  in  its  transverse  direction,  and  giving  it  a  degree  of  stifiuess 
combined  with  elasticity  which  it  had  not  previously  possessed. 

The  four  lines  of  main  chains  were  also  at  the  same  time  con- 
nected by  placing  cast  iron  tubes  horizontally  and  transversely 
between  them,  and  tying  the  wlioie  together  by  wrought  iron  bolts  passed 
through  the  tubes  and  the  joint  plates  of  the  chains. 

When  the  repairs  were  complett^d,  tlic  beneficial  results  of  the  recent 
additions  were  evident.  Storms  occasionally  broke  a  suspending  rod  or  a 
roadway  bar,  but  these  circumstances  rarely  occurred,  and  the  injuries  were 
repaired  without  difficulty  or  delay. 

On  the  23rd  January,  1836,  (ten  years  after  the  bridge  was  first 
opened  to  the  public,)  an  unusually  severe  gale  of  wiud  from  the 
W.  S.  W.  caused  the  chains  and  platform  to  undulate  violently,  and  broke  some 
of  the  roadway  bearers  with  six  of  the  suspending  rods.  There  can  be  no  doubt 
that  ten  years'  continued  friction,  combined  with  the  ordinary  slirinking  of  the 
timber,  had  considerably  affected  the  original  rigidity  of  the  platform,  so  that 
during  the  gale  last  referred  to  there  was  a  greater  degree  of  irregular  undula- 
tion than  had  previously  been  observed.  It  is  not  easy  to  define  correctly  the 
amount  of  rise  and  fall  of  the  roadways,  but  Henry  Fisher,  the  bridge  keeper, 
who  assisted  as  a  carpenter  in  the  original  construction,  had  lived  ever  since  at 
the  Anglesea  end  of  the  bridge,  and  watched  every  storm  by  which  it  had  been 
assailed,  stated  that  there  was  little  less  than  16  feet  between  the  extreme  of 
rise  and  the  lowest  point  of  depression. 

There  was  also  considerable  oscillation  of  the  main  chains 
between  the  pyramids  and  the  centre  of  the  bridge — not  to  an 
extent  that  could  have  produced  a  great  proportion  of  the  observed  rise  and 
fall  of  the  roadways,  though  there  is  no  doubt  that  it  was  one  of  the  aiding 
causes. 
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The  extremities  of  the  suspended  part  of  tlic  platform  were  not 

attached  to  the  two  pyramids,  but  rested  upon  titc  masonry,  the 
wheel  guides  and  part  of  the  planking  being  constructed  so  as  to  slide  under  the 
arches  of  the  carriage  ways,  in  oixler  to  prevent  the  platform  being  easily  blown 
out  of  its  place.  TJie  gale  of  January  23,  however,  broke  the  wheel  guides  and 
planks  at  the  Anglesea  pyramid,  and  forced  diat  end  of  the  platform  sideways 
about  lo  inches  from  its  true  position.  By  cutting  away  the  ends  of  the  planks 
which  were  jammed  against  the  masonry  of  the  pyramid,  and  then  applying 
some  powerful  hauling  tackle,  tlie  platform  was  restored  to  its  proper  situation. 
In  consequence  of  the  injurious  effects  of  this  gale,  and  likewise 

of  various  statements  which  had  been  circulated  respecting  the 
bridge,  the  Commissioners  of  Her  Majesty's  Woods  directed  me,  in  conjunction 
with  Mr.  Rhodes  (who  had  originally  superintended  the  fixing  of  the  iron  and 
timber  work  of  the  bridge),  to  examine  the  whole  structure  very  carefully,  and  to 
report  to  the  Board  our  observations  on  its  state,  as  well  as  on  any  repairs  or 
additional  works  which  might  appear  necessary  for  increasing  its  strength  or 
security. 

The  result  of  our  examination  was  satis&ctory  :  the  whole  of 

the  masonry,  the  main  chains,  their  fastenings  to  the  rock,  the 
rollers  and  other  iron  work  on  the  supporting  pyramids,  and  all  the  principal 
parts  of  the  bridge,  were  as  perfect  as  wheii  first  constructed.  Wherever  a  sus- 
pending rod  had  been  broken  it  had  been  replaced  by  a  new  one,  and  the 
stirrups  which  had  been  applied  to  carry  the  damaged  bearers  of  the  platform 
had  answered  the  intended  pur]x>se. 

We  were  well  aware  that  the  suspended  portion  of  tlie  bridge  possessed  an 
amount  of  flexibihty,  as  well  as  a  susceptibility  of  motion  which  it  was  very 
desirable  should  be  reduced :  we  therefore  stated  it  to  be  our  concurrent  opinion, 
"  that  a  greater  degree  of  rigidity  should  be  giveu  to  the  roadways,  so  that 
they  should  not  bend  so  easily  under  vertical  pressure." 

The  bridge,  however,  remained  in  the  state  which  has  been  described,  from 
the  period  when  our  examination  was  made,  until  the  memorable  hurricane  of 
the  6th  and  7th  January,  1839,  , 

The  slonn,  according  to  the  account  of  those  who  observed  it  at 

the  bridge,  commenced  on  the  evening  of  the  6th  with  a  strong  but 
unsteady  wind  veering  u  few  points  on  both  sides  of  S.  W.  The  gale  increased 
during  the  night  so  much,  that  between  2  and  4  o'clock  of  the  following  morning 
it  became  a  hurricane,  and  all  approach  to  the  suspended  part  of  the  bridge  was 
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impracticable.  The  fury  of  the  storm  having  somewhat  abated  after  4  o'clock 
(a.m.),  the  bridge  keeper  made  an  attempt  to  examine  the  chains  and  roadways. 
It  was  with  difficulty  he  could  make  his  way  to  the  platform,  and  it  was  only 
by  watching  the  lulls  of  the  wind  and  holding  fast  by  the  iron-work  that  he 
was  enabled  to  reach  the  suspended  part  of  the  bridge.  The  general  darkness 
was  too  great  and  the  tempest  too  violent  to  allow  him  to  make  any  close  or 
accurate  observation,  but  he  ascertained  during  occasional  gleams  of  moonlight 
that  the  roadways  were  broken  through,  and  that  it  was  necessary  to  take 
immediate  measures  for  preventing  any  attempt  to  cross  the  bridge. 

He  returned  and  closed  the  approach  at  the  Anglesea  end ;  then  procuring 
a  boat,  lie  reached  the  opposite  side  of  the  Strait  just  before  the  arrival  of  the 
down  mail  from  London,  The  guard  and  bags  were  conveyed  across  the 
Strait  in  the  boat,  and  information  of  what  had  happened  was  forwarded  to 
Mr.  John  Provis  at  Holyhead,  under  whose  care  the  bridge  had  been  placed 
after  it  was  first  opened  to  tlie  public. 

When  daylight  arrived  the  general  injury  was  evident.  Both  car- 
riage-ways had  been  partially  destroyed  and  were  rendered  impas- 
sable ;  the  footpath  between  the  carriage-ways  however  was  but  slightly  injured, 
and  the  bridge  could  still  be  traversed  on  this  central  line. 

Tlie  weather  continued  too  tempestuous  to  admit  of  men  working  on  the 
bridge,  and  the  day  was  spent  in  making  preparations  for  a  temporary  repair 
of  the  carriage-ways  as  soon  as  the  wind  should  subside. 

The  plan  and  elevation  given  in  Plate  XVI.  explain  the  nature 
of  the  injuries  sustained  by  the  bridge  :  they  exhibit,  as  well  as  the 
small  scale  of  the  drawings  will  permit,  the  several  fractures  of  the  roadways  and 
the  general  appearance  of  the  suspended  part  immediately  after  the  storm.  The 
elevation  is  represented  as  it  would  appear  to  a  person  looking  to  the  north 
east  or  towards  Beaumaris. 

The  condition  of  the  two  carriage-ways  was  as  follows  : — 

1st.    The  North  East  Carriage-way. 

a.  to  6.,   lengtli    80  feet. — Very  slightly  injured. 

b.  to  c,        „        55  feet. — One-half  of  the  outer  suspending  rods  broken. 

c.  to  rf.,        „         15  feet. — The  suspending  rods  on  both  sides  torn  asunder, 

the  roadway  broken  through  at  the  Hue  </,  and 
the  end  of  the  platform  at  e  hanging  down 
about  6  feet. 
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ItD/T,  length  175  feet. — The  whole  of  the  suspending  rods  on  the  inner 

side  broken,  and  with  the  exception  of  6  rods 
near  the  N.W.  end  and  7  rods  near  the  S.E. 
end,  all  those  on  the  outer  side  were  also 
broken,  the  timber  platform  hanging  down 
suspended  by  the  rods  at  its  two  comers. 

85  feet. — All  the  suspending  rods  on  the  outer  side  broken, 
on  the  inner  side  all  broken  except  4  near  the 
N.W.  end,  the  north  comer  of  the  platform 
hanging  perpendicularly  down, 

55  feet — All  the  suspending  rods  on  the  inner  side 
broken,  and  the  outer  side  suspended  only  by 
4  rods. 

86  feet. — Not  injured. 


/  to  ^.,       „ 


g,  to  A., 


A.  to  f., 


/.  to  m., 

m.  to  O.J 
o.  to  p., 

p.  to  9-, 


RonltMrorRodi 
teokta. 


2ndly.  The  South  fVeBi  Carriage-way. 

k.  to  /.,   length  123  feet. — Not  damaged. 

„        40  feet. — All  the  outer  suspending  rods  broken,  the  plat- 
form broken    across  at   m,    and  the   comer   n 
hanging  down  about  6  feet 
„      267  feet — Scarcely  injured. 

„        30  feet — All  the  outer  suspending  rods  broken,  and  the 
timber  platform  at  that  edge  sunk  about  6  inches 
in  the  middle  of  its  length. 
„        80  feet — Not  injured. 

From  the  foregoing  statement  it  appears  that  out  of  a  total 
number  of  444  suspending  rods  rather  more  than  one  third 
had  been  torn  asunder,  that  tlie  timber  work  of  the  S.W.  carriage-way  had 
been  broken  through  transversely  at  one  place,  and  that  of  the  N.E.  carriage- 
way in  two  places  ;  and  that  of  the  latter  there  was  one  connected  piece  of  175 
feet  in  length  and  12  feet  in  width  hanging  down,  and  swinging  in  the  air. 

In  those  parts  where  the  suspending   rods  had  been  torn 
asunder  and  the  platform  broken  down,  the  iron  joists  or  bearers 
had  also  failed ;  and  much  of  the  parapet  railing  had  been  blown  into  the  Strait. 
The  ties  and  tubes  before  described,  b}'  which  the  main  chains 
were  kept  in  parallel  planes,  -were  destroyed. 
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TLe  main  chains  had  sustained  the  shock  admirably ;  three 
onl)'  of  the  common  bars  and  one  of  the  adjusting  bars  having 
been  damaged.  Tliese  were  between  the  two  supporting  pyramids,  and  taking 
into  calculation  the  total  number  of  bars  betwixt  those  masses  of  masonry,  the 
proportion  they  bore  to  the  whole  was  less  than  one  in  a  thousand.  The 
injured  bars  were  cracked  at  the  eyes. 

Two  or  three  of  the  screw  bolts  wliich  connected  the  bars  of 
the  main  chains  into  links  had  their  heads  struck  off; — a  fact 
which  may  give  some  idea  of  the  tremendous  violence  of  the  storm  :  for  it  was 
quite  clear  that  though  the  chains  were  suspended  in  parallnl  lines  (those  on 
either  side  of  each  carriage-way  being  12  feet  apart)  they  had,  after  the  break- 
ing of  the  transverse  ties  and  tubes,  been  thrown  so  violently  against  each 
other  as  to  cause  deep  indentations  in  the  iron  and  to  break  off  the  heads 
of  the  bolts,  the  shanks  of  which  were  3  inches  in  diameter. 

It  was  also  evident  from  distinct  marks  on  the  masonry  of  the 
Anglesea  pyramid,  that  after  the  fracture  of  the  wheel  guides, 
&C.,  which  passed  under  the  roadway  arches,  the  platform  had  oscillated  con- 
siderably in  its  transverse  direction,  the  marks  extending  at  least  3  feet  on  the 
leeward  side  of  the  platform. 

The  S.  W.  carriage-way  having  been  Iwist  injured  it  was  deter- 
mined on  the  morning  of  the  8th  to  employ  all  the  workmen  on 
that  side,  so  as  to  render  it  passable  with  the  least  possible  delay.  The  suspend- 
ing rods  which  had  been  broken,  were  replaced  by  new  ones  as  far  as  the  spare 
stock  at  the  bridge  would  permit,  and  when  these  were  exhausted  chains  and 
ropes  were  substituted.  That  portion  of  the  timber  platform  which  had  been 
broken  down  was  lifted  again  into  its  place  by  means  of  pulley  blocks,  sus- 
pended from  the  main  chains  and  attached  to  the  most  depressed  comer  of  the 
platform.  The  broken  platform  was  thus  raised  to  its  original  position,  where 
it  was  temporarily  fastened  by  means  which  have  been  already  described. 

Pending  these  operations  I  had  been  apprised  of  the  injuries  which  the 
bridsfe  had  sustaine<l,  and  had  been  directed  bv  the  Commissioners  of  Her 
Majesty's  Woods  and  Forests  to  examine  the  bridge  very  carefully,  and 
report  to  the  Board  my  observations  upon  tlie  injuries  sustained,  and  to 
suggest  the  best  method  of  repairing  them. 

On  amving  at  the  bridge  on  the  11th  January  I  found  that, 
through  the  exertions  of  Mr.  John  Provis  and  Henry  Fisher 
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(the  resident  engineer  and  the  bridge  keeper),  the  S.W.  carriage-way  liad  been 
so  far  restored,  by  the  means  already  described,  as  to  allow  the  mail  to  pass 
over  the  bridge  as  usual.  From  that  time  tlie  public  had  the  uninterrupted 
use  of  one  carriage-way  until  the  21st  January,  when  the  temjwrary  repair  of 
the  N.  E.  side  of  the  platform  having  also  been  completed,  the  whole  of  the 
bridge  was  again  opened  for  general  use. 

It  has  thus  been  shown  that  tliough  the  damage  done  to  the  suspending 
rods  and  platform  was  considerable,  foot  passengers  were  not  prevented  from 
crossing  the  bridge  at  any  time,  and  carriages  and  horses  for  only  five  days. 

In  the  Report  which  I  submitted  to  the  Commissioners  of  Woods 
and  Forests  it  was  proposed  to  eflect  the  following  alterations  in  the 
construction  of  the  roadways,  which  were  suggested  by  the  experience  of  tliir- 
teen  years'  observation. 

First. — That  the  new  bearers  or  joists  of  the  platform  should  be  composed  of 
three  several  lengtlis,  with  joints  at  each  point  of  suspension  so  as  to  permit  of 
an  action  in  the  transverse  direction  of  the  bridge  without  incurring  the  risk 
of  the  joists  being  broken,  as  had  occurred  with  the  original  inflexible  bearers. 

Secondly.— To  counteract  the  flexibility  so  imparted  by  introducing  a  com- 
plete course  of  transverse  planking  between  the  two  courses  of  longitudinal 
planks,  thus  giving  a  greater  degree  of  transverse  rigidity  than  before  with  a 
material  possessing  more  elasticity  than  iron,  and  consequently  not  so  liable  to 
fracture. 

Thirdly. — To  introduce  a  joint  in  the  suspending  rods  at  the  upper  surface 
of  the  platform,  at  right  angles  to  that  which  connected  the  lower  ends  of  the 
rods  with  the  joists,  so  as  to  prevent  their  being  broken. 

Fourthly. — To  render  the  whole  platform  more  rigid  in  its  longitudinal 
direction  by  placing  two  lines  of  beams  along  the  upper  and  lower  surfaces, 
bolted  through  each  other  and  the  three  tiers  of  planks. 

Fifthly. — To  renew  the  transverse  ties  and  hollow  distance  pieces  which 
connected  together  the  four  lines  of  main  chains. 

As  other  modes  of  restoration  had  been  suggested,  and  were  sub- 
sequently proposed  both  to  the  Lords  of  the  Treasury  and  the  Com- 
missioners of  Her  Majesty's  Woods  and  Forests,  some  time  was  necessarily 
occupied  in  giving  to  the  subject  that  mature  consideration  to  which  the  various 
schemes  were  entitled.     I  was  ultimately  directed  to  carry  into  execution  the 
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renewal  of  the  roadways  and  other  parts  of  the  bridge  in  coaformity  witli 
my  Report  and  plans. 

The  works  have  since  been  satisfactorily  completed,  and  as  a  detailed 
account  of  the  difference  in  the  construction  of  the  old  and  new  platform,  M'ith 
reasons  for  the  several  deviations  fmni  the  original  plan,  are  presented  to  the 
Institution  by  Mr.  T.  J.  Maude,  the  resident  engineer  charged  with  the  super- 
intendence of  the  late  restorations,  his  communication*  may  be  referred  to  for 
further  particulars  respectiug  this  part  of  the  subject. 

oo«rPUB.fcr      There  now  only  remains  to  describe  briefly  some  of  the  other 
"'**"*'    plans   which    were   submitted    at   that   period  for  restoring  and 
securing  the  roadways. 

Mr.  N.  P.  Comins  proposed — "to  connect  the  middle  of  the 
bridge  by  meitns  of  chains  with  the  pier  on  either  side  midway 
between  the  water  and  the  bridge,  and  to  fix  chains  parallel  with  these  till  they 
approached  the  apices  of  the  angles  formed  by  the  bridge  and  the  piers.  The 
chains  should  be  connected  laterally  and  with  perpendicular  bars  as  are  the 
chains  above  the  bridge,  to  which  they  sliould  in  every  respect  be  similar." 

The  objections  to  tliis  gentleman's  plan  were  that  his  chains,  Sec,  would 
interfere  most  injuriously  with  the  free  navigation  of  the  Strait,  which  it  is  as 
important  to  maintain  as  to  preserve  a  safe  passage  over  the  bridge;  and 
that  such  interference  would  be  a  departure  from  the  pledge  given  to  the  public 
when  the  Bill  for  sanctioning  the  construction  of  the  bridge  was  before  Parlia- 
ment, as  well  as  a  breach  of  the  provisions  of  the  Act  which  was  subsequently 
passed. 

Haury  Fi.hrt'.  Another  modc  of  tjnng  down  the  bridge  was  suggested  by  Henry 
^"'  Fisher.  His  plan  was  to  fix  thirteen  oak  beams  transversely  beneath 
the  platfonn  at  imequal  distances,  diminishing  from  the  pyramids  towards  the 
centre  of  the  bridge.  Then  from  the  masonry  of  either  pyramid  and  on  a  level 
with  the  roadway  he  proposed  to  carry  a  pair  of  iron  rods  diagonally  to  a  point 
of  the  main  chains  perpendicularly  over  the  first  oak  beam,  to  return  a  pair  of 
rods  from  the  same  point  of  the  main  chains  down  to  tlie  second  oak  Iieam  ; 
then  carry  others  up  to  the  chains  over  the  third  and  down  again  to  the  fourth 
beams,  and  so  on  over  the  whole  front  of  the  bridge.  He  then  proposed  to 
cross  these  rods  by  others  commencing  at  the  top  of  the  pyramid  and  passiiig 

•  See  page  371. 
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jovm  to  tlie  first  beam,  ag;ain  up  to  the  chains  and  down  to  tlie  third  beam,  and 
so  on  throug:hout  the  lengtli  of  the  platform.  By  proceeding  thus  at  each  of 
the  four  lines  of  main  chains  he  obtained  four  series  of  reticulated  ties  or  braces 
between  them  and  the  platform,  connected  at  both  ends  of  tlie  suspended  part 
of  the  bridge  with  the  solid  masonry  of  the  pyramids.  There  could  be  no  doubt 
that  this  plan  would  have  reduced  the  motion  of  the  main  chains  and  platfonn, 
but  it  appeared  to  me  that  it  would  not  entirely  prevent  it,  and  would  involve, 
in  tiie  diminished  movement,  a  complexity  of  action  which  it  was  very  desirable 
to  avoid.  Besides  the  diagonal  braces  would  liave  spoiled  the  general  sym- 
metry of  the  bridge,  and  have  caused  such  an  amount  of  friction  against  the 
vertical  suspending  rods  as  might  ultimately  have  cut  them  through. 

In  reference  to  tying  down  the  platform  from  below,  it  was 
observed  by  Mr.  John  Scott  Russell  that  the  points  at  which 
the  ties  should  be  attached  to  the  platform  should  be  determined  by  those  laws 
which  govern  the  vibrations  of  an  elastic  cord  in  a  state  of  tension,  Tliose  laws 
might  apply  if  the  whole  suspended  part  of  the  bridge  acted  simply  as  one  string ; 
but  it  is  composed  of  many,  of  different  materials,  sizes,  and  degrees  of  tension, 
bound  together  in  a  variety  of  ways.  It  therefore  seems  doubtful  (though  the 
subject  is  well  worthy  of  investigation)  whether  the  principle  admits  of  correct 
application  under  the  complicated  combinations  of  a  suspension  bridge. 

In  the  communication  which  was  made  to  the  Institution  by 
Colonel  Pasley,*  as  well  as  in  that  which  lie  laid  before  the  Com- 
missioners of  Her  Majesty's  Woods,  it  has  been  assumed — "  that  all  the  injuries 
that  have  ever  occurred  to  the  roadways  of  suspension  bridges  must  have  been 
caused  by  the  violent  action  of  the  wind  from  below."  In  this  opinion  I  do  not 
fully  concur,  and  I  shall  state  some  of  the  reasons  which  induce  me  to  think 
that  the  conclusion  is  erroneous. 

Supposing  a  current  of  wind  were  to  rush  do^vn  from  a  high 
ridge  of  ground  to  the  surface  of  a  river  or  valley,  it  would  rebound 
from  the  place  on  which  it  first  impinged,  but  with  a  force  less  than  that  of  the 
original  descending  current.  If  a  suspension  bridge  were  placed  across  the  valley 
beyond  the  spot  where  the  current  first  struck  its  surface,  but  still  within  the 
influence  of  the  rebound,  the  i>latfonn  of  the  bridge  would  be  acted  upon  most 
powerfully  from  below.     But  if  the  bridge  were  situated  in  the  direct  line  of  the 
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descending  current,  the  platform  would  be  acted  upon  with  the  great^t  force 
from  above.  In  the  first  case,  therefore,  the  tendency  would  be  to  lift  the 
platform,  and  in  the  second  to  depress  it. 

Again,  sup|)oeing  that  there  existed  no  natural  impediments  to  the  direct 
course  of  a  current  of  wind,  it  would  ])robahly  move  forward  nearly  parallel 
witli  the  surface  of  the  water.  If  a  suspension  bridge  obstructed  this  current, 
the  wind  so  impeded  would  escape,  partly  over  and  partly  under  the  bridge, 
but  would  possess  no  greater  tendency  to  lift  the  platform  than  would  result 
from  the  excess  of  the  force  arising  from  the  compression  of  the  air  between  the 
platform  and  the  water's  surface  over  that  of  the  air  above  the  platform  ;  and 
if  the  areas  of  the  impeding  fronts  of  two  bridges  were  similar,  the  difference 
in  the  amount  of  pressure  would  be  greatest  where  the  space  between  the  plat- 
form and  the  surfece  of  the  water  was  least ;  or,  in  other  words,  the  lifting 
tendency  would  be  greatest  when  the  platform  was  nearest  to  the  water. 

Experience  has  shown  that  suspension  bridges  which  hang 
low  arc  not  acted  upon  by  winds  so  violently  as  those  of 
greater  altitude,  even  where  the  bridges  are  constructed  upon  precisely  similar 
principles.  Conway  Bridge  is  327  feet  between  the  centres  of  the  supporting 
towers,  and  15  feet  above  the  level  of  high  water  :  its  chains,  side  railing,  joists, 
floors,  &c.  were  all  constructed  either  from  the  same  patterns  or  on  the  same 
principles  as  those  of  the  Menai  Bridge.  Now  Conway  Bridge  is  not  per- 
ceptibly moved  by  the  wind,  whilst  that  over  the  Menai  is  violently  agitated, 
and  it  may  therefore  be  inferred  that  if  the  disturbing  force  were  uniformly 
most  jKJwerful  from  below,  the  former  bridge  would,  in  proportion  to  its  size,  be 
subjected  to  greater  undulation  than  the  latter:  the  reverse,  however,  is  the  fact. 

Conway  and  Hammersmith  Bridges  are  of  neari}^  equal 
spans  and  heights  above  the  water;  but  the  construction  of 
their  platforms  and  the  connections  with  the  main  chains  are  different.  Conway 
Bridge  is  without  trussed  longitudinal  frames,  and  tlie  means  of  resisting  undu- 
lation are  the  same  as  those  of  the  Menai  Bridge.  The  main  chains  of  Ham- 
mersmith Bridge  are  in  contact  with  the  platform,  and  the  latter  has  four  lines 
of  trussed  longitudinal  ft*amc3  fixed  vertically  on  its  suriacc.  Now  thougli  so 
differently  constructed,  neither  Conway  nor  Hammersmith  Bridges  are  affected 
by  winds,  and  therefore,  instead  of  attributing  the  stability  of  Hammersmith 
Bridge  (as  is  done  by  Colonel  Pasley)  entirely  to  its  trussed  framings,  the 
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steadiness  of  this,  as  well  as  of  Conway  Bridge,  must  be  considered  to  be  con- 
sequent upon  their  low  and  sheltered  situations  as  well  as  to  the  diminished  scale 
of  these  structures  compared  with  that  of  the  bridge  over  the  Menai  Strait. 

The  case  which  Colonel  Pasley  has  aUuded  to  of  the  roof 
being  blown  off  one  of  the  sheds  in  Chatham  dockyard  may 
very  probably  have  been  owing  to  the  rebound  of  the  wind  from  the  surface  of 
the  ground,  or  it  may  have  been  caused  by  the  wind  having  freer  access  on  one 
side  of  the  shed  than  it  had  means  of  escape  on  the  other;  but  it  bj'  no  means 
estabUshes  as  a  fact  tliat  sus|x:aBion  bridges  are  always  acted  upon  most 
violently  from  below. 

It  has  been  previously  observed  that,  in  addition  to  the  vertical 
undulation,  both  the  platform  and  chains  of  the  Menai  Bridge 
were  subject  at  times  to  considerable  oscillation.  In  the  hurricane  of  1839  the 
main  chains,  which  are  suspended  12  feet  apart,  were,  after  the  destruction  of 
the  transverse  tubes  and  ties,  thrown  violently  against  each  other.  In  1836,  the 
Anglesea  end  of  the  platform  was  blown  15  inches  out  of  its  proper  position  ; 
and  in  1839  tlie  same  end  of  the  platform  oscillated  at  least  3  feet  from  the 
vertical  plane  of  suspension.  All  these  facts  lead  to  the  conclusion  that  winds 
act  strongly  and  prejudicially  upon  the  fronts  of  suspension  bridges  as  well  as 
upon  the  horizontal  surfaces  of  their  platforms  ;  and  further,  that  the  effect  of 
winds  is  modified  and  varied  by  the  shape  of  the  country  and  the  local  circum- 
stances connected  with  each  individual  bridge. 

The  remedies  which  Colonel  Pasley  proposed  to  apply  at  the 
Menai  Bridge  were : — 
First. — "  That  a  course  of  plaukiug  should   be  laid  transversely  over  the 
existing  roadway,  which  consisted  of  two  courses  of  plauking,  both  laid  longi- 
tudinally.*' 

Secondly. — "  That  two  longitudinal  lines  of  strong  tiiissed  railing,  on  the 
same  principle  as  those  of  the  Hammersmith  Bridge,  should  be  substituted  in 
lieu  of  the  former  light  network." 

And  thirdly. — "  That  two  more  lines  of  trusses,  exactly  similar  to  the  former, 
and  parallel  to  them,  sliould  be  introduced  in  the  intervals  between  the  foot- 
path in  the  centre  and  the  carriage-ways  on  the  sides  of  the  bridge.'* 

Though  dissenting  from  Colonel  Pasley 's  opinion  as  to  the  universal  cause 
of  injury  to  suspension  bridges,  I  agree  with  him  as  regards  the  propriety  of 
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giviug  increased  longitudinal  rigidity  to  their  platforms  when  they  undulate  to 
any  considerable  extent.  It  has  been  already  stated  that  I  advised  this  to  be 
done  at  the  Menai  Bridge  in  the  spring  of  1836,  and  again  after  the  hurricane 
of  1839,  before  I  had  an  opportunity  of  knowing  Colonel  Pasley's  sentiments 
on  the  s\ibject.  There  were  these  differences,  however,  in  the  details  of  our 
respective  propositions : — The  Colonel  recommended  the  addition  of  a  third 
course  of  planks  laid  transversely  upon  the  two  longitudinal  courses,  and  also  of 
four  lines  of  trussed  longitudinal  framings ; — my  plan  was  to  place  the  additional 
course  of  planks  between  the  two  longitudinal  courses,  and  to  give  the  requisite 
rigidity  by  two  lines  of  longitudinal  beams  bolted  together,  instead  of  by  trussed 
framings.  My  reasons  for  preferring  bcama  to  frames  were,  the  facility  with 
which  tlie  former  could  be  increased  in  number  if  the  degree  of  stiffness  first 
obtained  was  not  sufficient,  and  the  difficulty  which  I  believed  would  be  ex- 
perienced in  keeping  trussed  frames  at  all  times  firm  and  in  their  true  vertical 
position? 


W.  A.  PROVIS. 


24,  Abingdon  Street,  June,  1840. 


371 


XV. — Account  of  the  Alterations  made  in  the  Structure  of  the  Menai  Bridge, 
during  the  Repairs  in  conseqtience  of  the  Damage  it  received  from  the 
Gale  of  January  1,  1839. 

Bt  THOMAS  JAMES  MAUDE,  Grad.  Ihbt.  C.E. 
Read  January  12,  1841. 

The  roadway  of  the  Menai  Bridge  having-  sustained  considerable  injury  during 
the  hurricane  of  the  7th  of  January,  1839,  it  was  considered  necessary,  after  a 
minute  examination  of  the  structure,  to  replace  the  damaged  platform  by  a 
iMiiMUoufbrR»ftb-  ^^^  °'*^'  InstructioHs  were  accordingly  given  to  Mr.  Provis, 
iB«  ih.'puifot«.  Q  £^  j^y  ^^^  Commissioners  of  Her  Majesty's  Woods  and  Works, 
directing  him  to  carry  into  effect  the  re-construction  of  the  platform,  in  con- 
formity with  the  plans  and  estimates  which  he  had  submitted  to  the  Board,  and 
the  author  was  subsequently  appointed  to  superintend  the  execution  of  the  works. 

Whilst  the  restoration  of  the  platform  was  in  progress,  some  modifications 
in  Its  construction  were  adopted,  which  were  suggested  by  the  observation  of 
the  defects  of  the  original  roadway,  and  which  the  effects  of  the  recent  storm 
had  rendered  still  more  obvious.  The  nature  and  extent  of  these  alterations 
are  shown  by  the  sections  of  the  platform  in  its  original  state  and  af^r  the 
restoration  (Plate  XVII.)»  and  may  be  thus  briefly  described  : — 

First. — The  roadway  bearers  were  considerably  strength- 
ened, and  an  additional  joint  was  introduced  at  the  points 
of  their  suspension  from  the  two  middle  chains,  thus  enabling  the  motion  of 
the  carriage  ways  and  of  the  footpath  to  be  independent  of  each  other. 

The  reasons  for  this  alteration  are  shown  by  Mr.  Provis  in  his  account 
of  the  Menai  Bridge,  After  noticing  the  effects  of  a  heavy  gale,  which 
occurred  in  February,  1826,  soon  after  the  bridge  was  opened,  and  descnbing 
the  details  of  the  construction  of  the  roadway  bearing-bars,  Mr.  Provis  pro- 
c««ofFr«i««ofRo«i.  <^e€ds   thus:— "Each   long    bar    was  thereby  fixed  at   three 

•»>  R.«nag-B««.  ^q{^^  ^o  tlic  vcrticd  suspending  rods,  and  it  was  considered 
that  this  mode  of  fastening  would  tend  very  considerably  to  prevent  any  twist- 
ing of  the  roadway.     It  had  that  effect,  but  as  it  has  been  before  observed  that 
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motion  was  principall}^  communicated  to  the  roadway  by  the  vibration  of  the 
windward  chain,  that  end  of  the  roadway  bar  wliicli  was  suspended  from  it  was 
lifted  up,  and  the  other  two  points  of  attachment  remaining  nearly  stationary, 
the  bar  became  a  lever  with  its  fulcrum  at  the  middle  point  of  attachment, 
and  tlie  resistance  to  be  overcome  being  greater  than  tlie  Btrength  of  the 
bar,  it  consequently  broke  at  its  weakest  point  or  fulcrum.  Nearly  6fty  of 
the  long  bars  were  thus  broken  principally  about  half  way  between  the 
pyramids  and  the  middle  of  the  bridge,  those  parts  having  been  subjected  to 
the  greatest  motion." 

"  To  secure  the  fractured  bars  an  iron  stirrup  was  attached 

to  the  lower  end  of  each  of  the  vertical  suspending  rods,  in  the 
same  manner  as  the  roadway  bars  had  been  fastened,  and  a  hole  being  drilled 
tiirougli  each  end  of  the  stirrup  and  tlie  corresponding  ends  of  the  fractured 
bare,  they  were  bolted  together  and  made  perfectiy  secure." 

In  order  to  prevent  the  recurrence  of  such  accidents  it  was 

considered  advisable,  in  re-constructing  the  platform,  to  adopt 
the  new  form  of  roadway  bars  shown  in  Plate  XVII.,  by  which'arningcment 
each  bar,  being  suspended  at  two  points  only,  has  perfect  liberty  to  play,sl»ould 
the  bridge  be  subjected  to  violent  motion  in  any  future  storm.  As  a  further 
security  the  depth  of  the  bars  was  augmented  by  half  an  inch;  and  the 
strength  round  the  eyes  by  which  they  were  attached  to  the  suspension  rods 
was  considerably  increased,  it  having  been  found  that  the  old  bars  were  in- 
variably broken  across  the  eye. 

The  additional  joint  introduced  into  each  of  the  suspension 

rods  near  the  floor  of  the  bridge  is  the  next  modification  to 
be  noticed.  It  was  found  that  tlie  violent  motion  of  the  bridge  cansed  by 
the  storm  of  January,  1839,  fractured  many  of  the  suspension  rods  at  the 
surface  of  the  platform,  the  planking  through  which  they  passed,  acting  as 
a  fulcnmi,  against  wliich  they  were  broken  in  such  numbers  that  a  great 
portion  of  the  platform  was  entirely  torn  from  its  fastenings  on  one  side,  and 
hung  down  flapping  in  the  gale,  only  supported  by  one  line  of  suspension 
rods.  The  joint  now  introduced  immediately  above  the  surface  of  the  plat- 
form, will  in  future  allow  free  play  to  the  suspension  rods  at  this  point,  and 
thus  prevent  their  fracture.  The  undue  motion  of  the  bridge,  as  well  lateral 
as  longitudinal,  is  now  guarded  against  by  the  joints  being  placed  so  as  to 
work  in  an  inverse  direction  to  the  play  of  tlie  roadway  bar  on  tlie  one  hand. 
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and  to  that  of  the  rod  immediately  above  the  roadway  on  the  other.  Additional 
strengtli  is  given  to  the  short  suspension  rod  thus  introduced,  it  being  made 
Ij  inch  square,  whilst  the  other  rods  are  only  an  inch. 
«n»intoth«  '^^^  increased  thickness  given  to  the  platform  itself  by  the 
addition  of  a  course  of  three-inch  ])lankhig  laid  in  a  transverse 
direction  is  next  to  be  considered.  The  planks  are  laid  close  together  across 
the  entire  breadth  of  the  bridge,  being  placed  between  the  two  longitudinal 
courses,  which  are  of  the  same  thickness  as  before.  TJie  transverse  course  of 
planking  isorves  to  bind  the  platfonn  together  in  the  direction  of  its  breadth 
in  the  most  perfect  manner,  accomplishing  this  object  far  more  effectually 
than  was  done  by  the  insulated  oak  planks,  which  were  introduced  l)etween 
the  roadway  bars  beneatli  the  platform  after  the  fracture  of  the  latter  in  1826. 
It  also  assists  materially  in  imparting  longitudinal  rigidity  to  the  platform, 
the  three  courses  being  firmly  bolted  together  tlirougliout  the  whole  length 
of  the  bridge,  at  intervals  of  everj'  2^  feet  in  each  breadth  of  plank  in  the 
M«iiw^eriiui«Bia«  upper  lougptudinal  course.  It  may  be  observed  tiiat  the  two 
«u»ffth«iibi«  iL  courses  of  planking  m  the  ongmal  roadway  were  only  spiked 
together,  which  mode  of  fastening  afforded  much  leas  firmness  and  solidity 
than  the  present  compact  bolting.  The  lower  tier  of  planking  is  bolted  to  the 
roadway  bars  in  the  same  manner  as  was  formerly  done.  The  oak-planks 
underneath  the  platform  are  now  removed. 

As  a  means  of  giving  additional  stiffness  to  the  platform,  and  of  checking 
undulation  in  a  longitudinal  direction,  beams  are  bolted  to  the  under  side  of 
each  carriage  road,  as  is  represented  in  the  section  of  the  new  platform.  Each 
beam  consists  of  two  pieces  of  Memel  fir  13  inches  in  depth  by  4|  in  thickness, 
one  on  cacli  side  of  the  king-posts  of  the  trussed  roadway  bearers;  between 
these  pieces  an  inch  plank  is  introduced,  which  fills  the  intervals  between  the 
king-posts;  and  the  top  of  the  beams  being  notched  up  I  inch  on  to  tJie  road- 
way bars,  the  remaining  space  to  the  lower  side  of  the  platform  is  filled  up  by  a 
3-inch  plank,  indicated  in  the  section  by  dotted  lines.  The  two  lowest  pieces 
are  bolted  together  by  J  inch  bolts  at  intervals  of  2-i-  feet,  and  the  whole  is  then 
secured  to  the  platform  by  J  inch  bolts,  also  at  intervals  of  2^  feet,  passing 
through  the  three  courses  of  planking  and  the  beams,  and  screwed  up  on  the 
lower  side  of  the  latter.  The  two  pieces  forming  the  lower  portion  of  these 
beams  are  so  arranged  that  the  joints  on  one  side  nearly  coincide  with  the 
centres  of  the  pieces  on  the  other.     The  pieces  are  about  40  feet  in  length ; 
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and  the  joints  arc  further  strengthened  by  a  3-inch  plank  about  6  feet  in 
length,  bolted  on  the  side  of  the  beam,  and  equally  overlapping  the  joints : 
theee  pieces,  to  avoid  confusion,  are  omitted  in  the  section. 

Aiwt.tuinoriiw       ^^  order  to  gain  a  still  greater  degree  of  stiffness,  the  wheel- 

whwi-ouidM.  g^jj^gg  ^Ye  increased  in  size  ;  their  height  is  16  inches,  and  their 
breadth  at  the  base  14  inches.  These  wheel-guides  are  composed  of  three  dis- 
tinct portions ;  of  the  two  lower  parts  the  one  next  the  carriage-track  is  of  African 
oak,  which  on  account  of  its  superior  hardness  is  well  calculated  to  resist  tlie 
wear  and  tear  arising  from  carriages,  k,c, :  the  outer  lower  portion,  as  also  the 
cap  or  upper  piece,  is  of  Memel  fir.  The  two  lower  pieces  are  bolted  together 
with  J  inch  bolts  at  intervals  of  2^  feet :  the  caps  are  fastened  to  these,  and 
the  whole  are  fixed  to  the  roadway  by  J  inch  bolts,  passing  through  to  the 
bottom  of  the  platform  at  the  same  distance  from  each  other. 

The  lengths  of  the  various  beams,  planks,  and  other  timbers  introduced 
throughout  the  whole  structure,  are  so  disposed  that  they  break  joint  as 
regular]y  as  possible.  By  means  of  the  stiffening  beams  beneath  the  platform 
and  of  the  wheel-guides  above  it,  a  total  depth  of  3  feet  4  inches  from  the  top 
of  the  wheel-guides  to  the  under-side  of  the  beams  is  gained  as  a  resisting 
power  to  the  undulatory  motion  of  the  platform.  lu  the  original  construction 
the  depth,  from  the  under-side  of  the  floor  to  the  top  of  the  wheel-guides,  was 
onjy  about  I  foot  3  inches ;  and  the  action  of  the  latter  in  resisting  motion  was 
very  imperfect,  in  consequence  of  the  short  lengths  of  the  beams  which  merely 
abutted  at  the  joints. 

Having  thus  endeavoured  to  describe  the  alterations  which  Iiavc  been  made 
in  the  construction  of  the  platform,  it  remains  to  be  observed  that  tlie  preser- 
vation of  that  simplicity  of  construction,  which  is  so  striking  a  feature  in  tlie 
original  design  of  the  bridge,  was  one  of  the  principal  objects  always  kept  in 
origiDii  pt»  or  view  in  effecting  the  alterations.  In  none  of  the  improvementf 
Biidiewiwrediw.  ^^^,  intrQjmjed  has  that  simplicity  been  interfered  with.  So  that 
now,  as  formerly,  should  any  accident  occur  to  any  part  of  the  bridge,  thai 
part  can  be  repaired  or  replaced  without  disturbing  the  other  parts  of  the 
structure,  and  at  the  least  possible  cxoense  of  time  or  labour. 

The  weight  of  the  additional  timber  and  iron-work  recently 
introduced  into  the  bridge  is  about  130  tons,  still  leaving  the 
weight  of  the  suspended  part  of  the  bridge  far  below  that  which  the  chains  are 
estimated  to  be  capable  of  bearing. 
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*The  whole  of  the  timber  has  been  Kyanised,  and  each  course  of  planking 
coated  with  Archangel  tar.  Felt,  however,  has  not  been  used,  as  was  originally 
done  between  the  tiers  of  planks,  that  material  not  appearing  to  have  answered 
the  intended  purpose. 

There  have  been  no  gales  of  sufficient  violence  to  test  the  stability  of  the 
bridge  since  its  restoration.  During  the  progress  of  the  work,  however,  about 
the  end  of  January  (1840),  some  high  winds  occurred  :  by  that  time  the  two 
lower  courses  of  planking  were  completed,  and  a  j)nrt  of  tlie  third  was  laid 
down,  tiie  stiffening  beams  uudenieath  were  also  in  their  places,  but  uot  yet 
bolted  up  to  the  platform ;  the  wheel-guides  were  not  yet  on  the  bridge ;  but 
even  in  this  imperfect  state  of  the  M'ork,  the  effects  of  the  wind  were  so  slight^ 
that  it  was  evident  the  most  beneficial  results  would  follow  the  completion  of 
the  improvements. 

It  is  satisfactory  to  state  that  the  repairs  have  been  effected  without  any 
inconvenience  to  the  public,  one  or  other  of  the  roadways  having  been  kept 
open  during  the  whole  time;  nor  did  any  accidents  occur  during  the  progress 
of  the  work,  which  was  completed  within  the  estimate  furnished  by  Mr.  Provis 
previous  to  its  commencement. 

THOMAS  JAMES  MAUDE. 

Abingdon  Street,  Westminster,  June,  1840. 
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XVI. — Description  of  a  Cofferdam  adapted  to  a  Hard  Buttom,  used  in  Exca- 
vating Rock  from  the  Navigable  Channel  of  the  River  Rlhble ; 
designed  for  the  Ribhle  Navigation. 

By  DAVID  STEVENSON,  C.  E  ,  EDINBURGH. 

Read  February  S3,  1841. 

CoFFBRDAMs,  coDstmcted  of  timber  piles  driven  into  the  ground  by  the 
D«.ieo«in«u<H>  P^'^'^g  cnglne  being  extensively  employed  in  the  hydraulic  works 
of  ca«,rd«n..  qP  ^]]  countries,  are  fomiliar  to  every  one.  It  occasionally  happens, 
however,  that  the  construction  of  cofferdams  by  driving  piles  in  the  manner 
alluded  to  is  found  to  be  impracticable,  owing  to  the  hardness  of  the  soil  in  the 
bottom  of  the  sea,  river,  or  lake,  as  the  case  may  be,  in  which  they  are  to  be 
erected,  and  in  stich  situations  some  modification  of  the  ordinary  apparatus  is 
rendered  necessary.  The  cofferdam  described  in  the  following  pages  was 
designed  with  the  view  of  overcoming  some  formidable  difficulties,  which  pre- 
sented themselves  in  executing  the  works  at  present  in  progress  for  the  improve- 
ment of  the  navigation  of  the  Rihble,  and  was  erected  in  a  part  of  that  river 
where  the  bottom  consists  of  sandstone  rock,  and  to  which  a  cofferdam  of 
the  ordinary  construction  was  consequently  quite  inapplicable. 

Before  explaining  the  constniction  of  this  cofferdam,  however,  it  may  not 
iiDno*^iD#nt4  of  be  out  of  place  to  give  a  brief  sketch  of  the  projected  improve- 
ib«  riter  Rihble.  nicnts  of  thc  Ribble  navigation,  in  effecting  one  department  of 
which,  the  apparatus  about  to  be  described  has  been  successfully  employed. 

The  river  Ribble,  in  the  county  of  Lancashire,  is  [the  natural 
outlet  for  the  trade  of  the  large  manufacturing  town  of  Preston, 
which  stands  on  its  north  bauk,  at  the  distance  of  about  1 5  miles  from  the  Irish 
Sea.  But  the  geological  formation  of  the  bed  in  whicli  the  river  flows,  con- 
sisting alternately  of  solid  sandstone  rock,  compact  gravel,  and  loose  sand, 
9i*icofinNifi-  renders  the  present  state  of  its  navigation  very  imperfect ;  flats  or 
'^'"'  Iceeh  of  small  draft  of  water  being  the  only  craft  which  can  safely 
and  regularly  approach  the  quays  of  Preston. 

Impressed  with  the  great  importance  of  improving  the  navigation  of  the 
Ribble,  and  facilitating  the  communication  with  the  sea,  the  inhabitants  of 
Preston  resolved  to  take  some  vigorous  measures  in  order  to  bring  about 
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the  attainment  of  this  object.  A  Company  had  been  formed  so  long  ago 
as  1806,  which,  under  the  Act  of  Parliament  then  granted,  had  at  various 
times  made  some  improvement  in  the  navigation ;  but  the  resources  of  this 
Company  having  fallen  greatly  short  of  the  object  wliich  its  shareholders 
had  in  view,  tlie  Corporation  of  Preston  in  1835,  consulted  Messrs.  Robert 
Stevenson  and  Sons  of  Edinburgh,  as  to  the  practicability  of  improving 
the  navigation ;  and  the  opinion  expressed,  after  completing  the  survey  and 
examination  of  the  river,  being  favourable,  a  subscription  was  immediately 
commenced  for  carrying  the  plans  proposed  by  them  into  effect,  and  for 
obtaining  an  Act  of  Parliament  for  the  formation  of  a  Joint  Stock  Company, 
Ribbi.  N.T^g^tion  ^^  ^^  called  the  "  Ribble  Navigation  Company."  Satisfactory  ar- 
omi^^uytornmi.  raugemeuts  having  been  entered  into  with  the  sliareholdcra  of  the 
former  Company,  tlie  Bill  as  amended  received  the  Royal  Assent  In  May 
1838 ;  and  preparations  for  effecting  the  improvements  in  the  navigation  having 
been  commenced  without  loss  of  time,  the  operations  forwarded  by  the  zealous 
exertions  of  Mr.  Haydock  the  chairman,  and  the  directors  of  the  Company, 
are  now  proceeding  expeditiously  and  satisfactorily. 

The  works  at  present  in  progress  of  execution  are  the  excavation 
of  rock  from  the  bed  of  the  Ribble,  the  removal  of  gravel  and  sand 
by  steam-dredging,  and  the  formation  of  low  rubble  walls,  for  the  purpose  of 
directing  the  low  water  channel  of  the  river  at  a  part  of  its  course  where  the 
configuration  of  the  banks  renders  this  operation  necessary,  in  order  to  obtain  a 
permanently  straight  navigable  track  for  shijjping.  it  is,  however,  only  on  one 
of  these  departments,  namely  the  rock  excavation,  that  I  am  induced  to  offer  a 
few  remarks ;  as  I  believe,  from  the  extent  of  rock  which  has  been  removed 
and  from  the  simple  means  by  whicli  the  excavation  has  been  effected,  that 
this  work  may  be  considered  somewhat  novel  in  its  uature,  and  that  a  brief 
account  of  it  may  prove  interesting,  and  perliaps  instructive,  to  those  who  may 
happen  either  now  or  hereafter  to  be  engaged  in  similar  undertakings. 

About  half  a  mile  below  the  quays  of  Preston,  a  solid  bed  of 
red  sandstone,  upwards  of  300  yards  in  length,  stretches  quite 
across  the  bed  of  tlie  Ribble.  The  position  of  this  band  of  rock,  whicli  extends 
inland  under  both  banks  beyond  the  limits  of  tiie  river,  is  shown  in  the  Plan  and 
Section  Plate  XIX.,  Figs.  1  and  2.  Its  surface  is  on  a  high  level  compared  with  the 
general  bed  of  the  river  both  above  and  below  it,  and  wliere  it  is  washed  by  the 
stream  it  is  quite  bare,  and  free  from  any  deposit  of  sand  or  mud,  and  the  higher 
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parts  are  occasionally  left  dry  during  the  long  droughts  of  summer.      The 
induence  which  this  band  of  rock  exerts  in  distortinff  the  tides 

ImpMiiin«iit  to  lli«  " 

Niri«»t»B.  ^jjjj  currents  of  the  river  can  be  viewed  in  no  other  iiglit  thau 
that  which  would  be  produced  by  a  great  artificial  weir  thrown  across  the 
stream.  The  free  flow  of  the  river  and  tides  being  cliecked  on  approaching  it, 
the  power  of  the  tidal  and  fresh  water  scours  is  tliereby  neutralized,  and 
rendered  almost  unavailable  in  keeping  opeu  the  upper  and  lower  stretches  of 
the  navigation.  In  proof  of  this  it  may  be  stated,  that  the  tide 
at  Lytham,  which  is  situated  near  tlie  mouth  of  the  river,  and 
is  12  miles  distant  from  Preston,  was  ascertained  by  Captain  Belclier,  R.N.j 
while  engaged  in  making  tlie  Admiralty  survey  of  the  lower  part  of  the  Ribble, 
to  have  risen  on  one  occasion,  in  July,  183(5,  no  less  than  25  feet  7-i-  inches. 
The  ordinary  rise  of  spring-tides,  however,  at  that  place  is  about  19  feet,  and 
that  of  neap-tides  14  feet ;  whilst  at  the  quays  of  Preston,  tlie  oiilinary  rise  of 
spriug-tides  did  not  exceed  6  feet,  and  neap-tides  of  14  feet  rise  by  the  Liver- 
pool Tide  Tables  did  not  show  at  Preston  at  all  previous  to  the  commencement 
of  the  operations.  Such  was  the  scarcity  of  water  and  the  imperfect  state  of 
the  navigation  in  tlie  ujjpcr  part  of  the  Ribble ;  and  the  removal  of  the  rock 
whicli  encumbered  lis  bed  was  naturally  viewed  as  the  most  urgent  and 
important  work  for  effecting  an  improvement. 

The  old  Navigation  Company  already  alluded  to  had,  by  the 
erection  of  low  tide-dams,  succeeded  in  excavating  a  ciiaunel  about 
70  feet  in  breadth  and  from  3  to  4  feet  in  depth  in  this  band  of  rock.  But  that 
operation  was  too  limited  to  meet  tlie  views  of  the  new  Company ;  the  directors 
of  which  resolved  to  carry  the  works  of  excavation  to  a  great  extent,  both  as 
r^ards  depth  and  breadth,  and  after  due  deliberation,  determined  to  excavate 
a  channel  iOO  feet  in  breadth,  as  shown  by  the  cross  section,  Fig.  3,  Plate  XVIII., 
and  affording  a  navigable  depth  of  20  feet  at  high  water  of  spring-tides 
through  tlie  whole  extent  of  the  rock,  which,  as  formerly  mentioned,  is  upwards 
of  300  yards  in  lengtli. 

DivmknieriiM  '^  ^^^^  ^^^^  suggestcd  that  a  new  cut  miglit  be  formed  and  the 
chioBei  piopoted.  ^^^jy^gg  ^f  jjjg  nvcr  pertnanenily  diverted  so  as  to  avoid  the  rock 
entirely ;  but  from  the  formation  of  the  banks,  as  ascertained  by  minute  exami- 
nation, as  well  as  from  the  nature  of  the  adjoining  property,  it  was  concluded  that 
under  all  circumstances  no  advantiige  could  be  obtained  by  the  proposed  diver- 
sion, and  it  was  accordingly  resolved,  m  commencing  the  operations  under  the 
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new  Act,  to  keep  to  the  old  course  of  the  river  as  the  track  for  the  improved  chan- 
nel, and  to  limit  the  breadth  of  the  excavation  in  the  first  instance  to  100  feet,  bo 
as  to  leave  ample  space  for  the  free  flow  of  the  river  and  an  uninterrupted 
navigation  during  the  progress  of  the  work  ;  the  excavation  of  the  remaining 
part  of  the  rock  being  a  work  which  may  be  undertaken  at  any  future  period, 
should  the  trade  of  the  port  render  it  necessary  to  provide  a  broader  channel. 

The  best  means  of  executing  this  work,  involving  an  excavation  in  solid 
rock  at  some  places  not  less  than  13  feet  6  inches  in  depth,  in  the  bed  of  a 
rapid  river  liable  to  sudden  and  extensive  land  floods,  engaged  a  good  deal  of 
attentive  consideration,  and  after  weighing  llic  merits  of  various  expedients, 
such  as  the  use  of  the  diving  bell  and  the  formation  of  a  new  cut  so  as  to  ob- 
tain a  teitqyorary  diversion  of  the  stream,  whilst  the  work  was  going  on,  it 
was  at  length  resolved  to  make  use  of  a  series  of  coflierdaras  as  the  most 
eflicient  and  economical  method  of  effecting  the  excavation, 

Tlie  chief  obstacle  which  presented  itself  in  designing  a  coffer- 
dam for  this  situation,  was  the  difl^culty  of  obtaining  on  a  rocky 
bottom  (covered  with  water  varying  from  2  feet  to  1 0  feet  in  depth  at  low  water 
and  from  8  feet  to  16  feet  at  high  water)  fixtures  of  anature  sufliicicntly  secure,  to 
enable  the  cofferdam  to  resist  the  rapid  currents  which  occur  during  floods  and 
high  tides;  whilst  the  inequalities  of  the  bed  of  the  river  occasioned  another 
difliculty  In  attempting  to  form  a  water  tight  joint  between  the  bottom  of  the 
cofferdam  and  the  irregular  surface  of  the  rock.  As  the  water  way  of  the  river 
also,  so  long  as  the  dam  remained  in  its  bed,  would  necessarily  suffer  a  very 
considerable  reduction  in  its  breadth,  it  was  considered  highly  important,  as  well 
for  the  trade  of  Preston  as  for  the  safety  of  the  work,  to  construct  a  cofferdam 
which  would  occupy  as  little  space,  and  present  as  little  interruption  as  possible 
to  the  free  flow  of  the  currents  and  the  passage  of  vessels.  The  construction 
which  I  designed  for  executing  this  work  has  now  been  in  use  for  upwards  of 
twelve  mcrtiths,  and  has  been  found  fully  to  answer  all  of  these  conditions,  the  fix- 
tures in  the  rock  having  proved  quite  sufficient,  and  the  dams  being  exceedingly 
tight,  while  the  apace  occupied  by  the  walls  or  sides  is  very  small  considering 
the  water-pressure  to  which  they  are  occasionally  exposed. 

The  Elevation,  Plan,  and  Section,  Figures  4,  5,  and  6,  represent 
the  cofferdam  exactly  as  it  was  executed,  a  few  improvements  in 
the  details  of  its  construction  having  been  from  time  to  time  introduced  by 
Mr.  Bond,  the  contractor  for  the  work.     It  will  be  seen  tliat  the  cofferdam 
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consists  of  a  double  row  of  iron  rods  2-J-  inches  in  diameter,  placed  3  feet 
apart,  the  spaces  between  tlie  rods  which  form  each  row  being  3  feet  also, 
Ou  the  inner  side  of  each  row  of  rods,  linings  of  three  inch  Merael  planking 
arc  placed;  and  the  space  between  these  linings  of  planking  which  form  the 
two  sides  of  the  coflerdam  is  carefully  filled  with  well  wrought  clay  puddle. 
The  sides  of  the  dam  are  kept  together  by  bars  of  iron  connected  to  two 
horizontal  wale  pieces  of  Memel  timber,  measuring  10  inches  by  6  inches, 
placed  on  the  outside  of  the  iron  rods.  These  iron  bars  pass  horizon- 
tally through  the  heart  of  the  puddle  at  proj^er  intervals,  and  serve 
to  counteract  the  tendency  wliich  the  puddle  exerts  to  force  the  iron  rods  and 
planking  outwards,  and  thus  to  derange  the  whole  structure.  A  row  of  strong 
stays,  placed  18  feet  apart  from  centre  to  centre,  as  shown  in  the  Plate,  is  also 
applied  in  the  inside  of  the  dam.  To  avoid  interrupting  the  navigation,  as  well 
as  for  greater  safety,  the  dams  were  stayed  entirely  from  the  inside.  These  stays, 
as  shown  in  the  drawing,  have  joints  at  the  upper  extremities,  and  being  simply 
slipped  over  the  tops  of  tlic  iron  rods,  and  kept  in  their  places  by  cotters,  their 
lower  ends,  which  rest  on  the  Ijottom,  can  be  moved  either  horizontally  or  verti- 
cally, and  thus  be  easily  adapted  to  the  level  of  the  rock.  The  shorter  stays 
applied  in  the  first  instance  can  be  removed  as  the  work  proceeds  by  simply 
driving  out  the  cotters  at  the  tops  of  the  iron  rods,  and  their  places  supplied  by 
longer  stays  resting  on  the  bottom  of  the  excavation,  as  shown  in  dotted  lines 
in  Figure  6.  A  sluice,  at  the  level  of  low  water,  which  can  be  opened  so  as  to 
admit  the  water  and  prevent  the  dangerous  consequences  of  a  sudden  rising 
of  the  river  while  the  interior  of  the  dam  is  empty,  two  cast  iron  pumps  of 
12  inclies  bore,  with  their  gearing,  and  a  steam  engine  of  10  horses-power 
for  pumping  the  dams  dry,  complete  the  whole  apparatus. 

In  constructing  the  dams  according  to  this  design,  tlie  most 
tedious  parts  of  the  operation  were  those  of  fixing  the  iron  rods  into 
the  bed  of  the  river,  and  securing  the  lower  tier  of  planking  which  rested  on  the 
irregular  surface  of  the  rock.  The  manner  in  which  these  operations  were 
effected  I  shall  endeavour  briefly  to  explain. 

In  order  to  fix  the  iron  rods,  a  jumper  point  was  first  worked  on  the  end  of 
each  of  them.  They  were  then  successively  jumped  into  tlie  bed  of  the 
river  to  depths  varying  from  12  inches  to  18  inches,  according  to  tlic  soundness 
or  hardness  of  the  rock,  by  labourers  who  worked  from  punts  moored  in  the 
line  of  the  dam,  three  or  four  men  being  employed  at  each  rod.     Gauges  were 
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used  for  enabling  the  workmen  to  enter  the  rods  properly,  so  that  they 
might  retain  a  nearly  perpendicular  position  when  fixed,  and  also  for  the 
purpose  of  pivserving  the  proper  line  of  tlie  dam  and  placing  the  rods  at  equal 
distances  apart.  No  other  fixture  than  that  produced  by  simply  jumping  the 
rods  into  tlie  rock  was  applied,  but  this  was  necessarily  a  tedious  process,  from 
the  difiiculty  of  working  in  a  rapid  run  of  water,  and  from  the  repeated  inter- 
ruptions which  occurred,  occasioned  by  the  rise  of  the  tides  and  by  land  floods. 
When  a  suflicient  length  of  rods  had  been  fixed  in  the  manner  described, 
the  lower  tiers  of  planking,  which  were  to  be  placed  l>elow  the  level  of  the 
water,  were  secured  to  the  iron  rods  by  clasps  of  iron,  as  shown  in  the 
drawings,  and  slipped  down  into  their  places  one  above  another.  The  under 
SlI^iJL*'"mm?'  ^*^S6  ^^  ^^^^  lowest  tier  of  planking,  the  fitting  of  which  often 
**"wlfi,'ito^^  occasioned  much  trouble,  was  cut,  previously  to  being  put 
down»  as  nearly  as  possible  to  suit  the  inequalities  of  the  rock,  which  were 
ascertained  approximately  by  measuring  from  the  surface  of  the  water  down 
tlic  iron  rods  to  the  bed  of  the  river.  The  plank  being  then  lowered  into  its 
place,  a  small  iron  rod,  with  a  hooketl  end  which  could  go  under  the  plank,  was 
used  for  finding  what  parts  of  it  did  not  touch  the  rock,  and  this  having 
been  ascertained,  the  plank  was  raised  and  again  cut.  This  operation  was 
repeated  two  or  three  times  until  a  near  approach  to  the  contour  of  the 
rock  was  obtained.  The  lower  edge  of  the  plank  was  then  cut  with  the  adze 
in  a  bevelled  or  wedge-shaped  form,  and  the  plank,  being  finally  lowered  into 
its  place  in  the  bottom,  was  l>eaten  down  by  blows  from  a  heavy  mallet  upon  an 
upright  piece  of  wood  resting  on  the  upper  edge  of  the  plank,  and  extending 
above  the  surface  of  the  water,  and  the  sharp  bevelled  edge  yielding  to  the 
blows,  sank  into  the  smaller  irregularities  of  the  rock,  and  thus  ultimately,  as 
experience  proved,  formed,  in  connexion  with  the  puddle  beliind  it,  a  perfectly 
water-tight  joint.  The  planks  above  low  water  had  no  fixture  to  the  iron 
rods,  and  were  kept  in  their  places  simply  by  the  pressure  of  the  puddle  in 
the  inside  of  the  dam. 

In  removing  the  dams  from  the  bed  of  the  river  at  the  com- 
pletion of  the  excavation,  the  clay  and  planking  were  first  taken 
up,  and  tlie  rods  being  then  moved  to  and  fro  could  generally  be  raised  after  a 
little  trouble,  by  men  who  worked  from  punts,  as  in  putting  them  down.  When 
the  rods  resisted  this  force,  however,  which  not  unfi-equently  happened,  they 
were  made  fast  at  low  water  to  cross  bars  resting  on  two  punts,  which,  being 
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gradually  raised  by  the  flowing  tide,  threw  a  great  strain  on  the  rods,  and  they 
were  then  easily  sprung  from  their  fixtures  in  the  rock  by  a  few  blows  from  a 
heavy  haninicr.  Some  of  the  iron  rods  were  unavoidably  a  good  deal  bent  in 
being  raised;  but  most  of  tliem,  when  taken  up,  were  found  to  be  ready, 
without  repair,  for  being  used  in  forming  the  next  stretch  of  dam. 

It  may  be  proper  to  remark  that  this  dam  was  used  only 
in  those  parts  of  the  river  where  the  rock  was  kept  bare  by 
the  scour  of  the  river  and  tide,  or  was  covered  to  the  dei>tli  of  8  or  9  feet  with 
gravel.  In  the  latter  case  the  gravel  was  dredged  out  and  the  rods  fixed  in 
the  bottom  as  already  described.  But  wlierever  the  deposit  on  the  rock 
exceeded  the  depth  of  8  or  9  feet,  as  at  tlie  upper  and  lower  extremities 
of  the  excavation,  recourse  was  had  to  a  timber  dam,  constructed  in  the 
ordinary  manner  with  gauge  and  sheeting  piles  of  timber  driven  into  the 
bottom  by  the  piling-engine.  The  execution  of  these  parts  of  the  cofferdam, 
however,  being  in  no  way  remarkable,  I  shall  only  in  conclusion  state  briefly 
the  extent  of  work  executed  by  the  means  which  I  have  described,  my  infor- 
mation on  this  point  being  extracted  chiefly  from  the  monthly  reports  and 
measurements  of  Mr.  Brebner,  the  former,  and  Mr.  Park,  the  present  resident 
engineer  for  the  navigation  works. 

The  whole  extent  of  the  excavation,  as  already  noticed,  is  up- 
wards of  300  lineal  yards;  and  it  was  determined  to  execute  it 
with  three  lengths  of  coflTcrdara,  as  shown  in  Figure  1,  (Plate  XVUl.,)  which  isa 
plan  of  part  of  ilie  river.  Tlie  fiist  stretch  of  dam,  which  was  350  feet  in  length 
and  120  feet  in  breadth,  and  enclosed  an  area  of  4,666  square  yards,  was  com- 
pleted and  pumped  dry  in  October,  1839.  A  large  force  of  men  was  employed 
in  the  excavation,  and  by  working  with  a  night  and  a  day  gang,  the  Contractor 
QoMittTcrHoek  succeeded,  when  the  weather  was  favourable,  in  raising  no  less 
«iMdin«ho«^  than  185  cubic  yards  of  rock  during  24  hours.  The  whole 
quantity  excavated  from  this  stretch  was  10,7 1 4  cubic  yards  ;  but,  from  the  un- 
fortunate Slate  of  the  weatlier  during  the  winter,  the  excavation  was  not  com- 
pleted till  Febniary,  1840.  The  second  dam,  which  was  constructed  of  the  same 
materials  that  had  been  used  in  the  first,  was  placed  so  as  to  enclose  the  lower 
end  of  the  first  stretch  within  its  limits,  in  order  that  the  rock  on  which  the  first 
dam  stood  might  be  removed.  This  stretch,  whicli  was  the  largest,  measured 
384  feet  in  length  and  130  feet  in  breadth,  and  enclosed  5,546  square  yards, 
being  an  area  of  one  acre  and  twenty-tliree  poles.     It  was  pumped  dry  in 
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April,  1840,  and  the  excavation,  which  amounted  to  12,449  cubic  yards,  waa 
completed  in  the  month  of  June  of  the  same  year.  The  third  stretch  of  dam, 
which  is  about  300  feet  in  length,  130  feet  in  breadth,  and  epcloses  an  area 
of  4,333  square  yards,  waa  pumped  dry  on  the  1st  of  November,  1840,  and 
the  excavation  is  raj>idly  proceeding.  The  whole  quantity  of  rock  removed 
when  tlje  work  is  completed  will  amount,  it  is  expected,  to  about  31,000  cubic 
yards. 

The  soft  nature  of  the  rock  rendered  it  unnecessary  to  have  recourse  to 
blasting  in  forming  the  excavation,  as  it  was  found  to  yield  easily  to  the  quar- 
riers'  tools.  The  greatei*  part  of  tlie  stone  excavated  being  loaded  on  punts  was 
floated  down  the  river,  and  used  in  forming  the  walls  for  the  direction  of  the 
lower  ciiannel,  already  alluded  to  in  speaking  of  the  navigation  works  generally. 

It  was  hardly  to  be  expected  that  a  series  of  cofterdams,  exjxjsed  for  so 

great  a  length  of  time  in  the  bed  of  a  rapid  river,  would  escape  the  casualties 

attending  such  works,  and  some  accidents  accordingly  occurred  on  the  Ribble, 

which,  however,  were  happily  attended  with  no  more  serious  consequences  tiian 

the  delays  which  they  occasioned.     It  was  satisfactory  to  find  that  the  fixtures 

eflfected  by  merely  jumping  the  iron  rods  into  the  rock  in  the  manner  described, 

the  sufficiency  of  which  I  considered  as  somewhat  problematical,  proved,  without 

a  single  exception,  to  be  perfectly  secure.     The  best  proof  indeed  which  can  be 

adduced  of  the  strength  and  efficiency  of  the  whole  structure  is  the  fact  of  the 

river's  having  risen,  on  one  or  two  occasions,  some  feet  above  the  top  of  the  dams 

without  injuring  them  in  the  smallest  degree.     I  had  an  opportunity  of  seeing 

the  river  in  this  state  in  the  month  of  Marcli,  1 840,  when  on  a  visit  to  the  works. 

At  that  time  no  part  of  the  dams  was  visible,  the  tops  of  the  iron  rods  being 

quite  submerged,  while  the  velocity  of  the  current  which  was  rushing  over  them 

could  not  be  less  than  five  miles  per  hour.     Notwiths^Uuiding  this  great  trial,  I 

had  the  gratification  of  hearing  from  Mr.  Park  a  few  days  afterwards,  that  the 

water  having  subsided,  and  the   pumps  ha>nng  been  set  on,  the  dam  was 

again  perfectly  dry  and  the  men  busily  at  work. 

DAVID  STEVENSON.* 
Edinbur{>:h,  1st  December,  1840. 


*  SiDce  the  preceding  paper  vaa  written,  the  last  stretch  of  cxcavotioQ  has  been  completed,  aad 
the  whole  of  the  coSerdam  has  been  removed  frum  the  river.  The  tutal  (junntity  of  rock  cxcavatod 
WM  30,793  cubic  ynrd»,  nnd  the  time  occupied  in  the  execution  of  the  work,  including  all  mter- 
rupiiuns  occasioned  by  flixxU  nud  oilier  causee,  was  abiiut  18  months. — D.  S. 

Edinburgh,  3rd  June,  1841. 
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XVII. — "MejHoir  on  the  Practicability  of  Sfwriening  the  Duration  of  Voyages^ 
by  the  Adaptation  </f  AiuciUary  Steam  Power  to  Sailing  Vemtehty 

By  SAMUEL  SEAWARD,  F.R.S,  M.  Inst.  C.E. 

Read  Februftry  9,  1841. 

ApriiotioBofstOTiin       -^  QUARTER  of  a  ccntury  has  barely  elapsed  since  the  applica- 
i-owei  lo  s»TiK»i.gn.  ^j^^  ^j.  giggji^  power  to    tlie   purposes  of  maritime  and  river 

navigation  was  resided  more  in  the  light  of  an  iugenious  problem  than  as  a 
practicable  undertaking ;  tlie  perseverance  and  skill  of  scientific  and  enterprising 
men  have,  however,  triumphed  over  the  difficulties  which  beset  them,  aud  the 
jpesult  is  that  steam  power  has  not  only  been  rendered  subservient  to  coast  and 
river  navigation,  but  by  its  means  the  shores  of  the  Mediterranean  and  of  the 
Atlantic  are  approached  and  tliose  seas  traversed  with  celerity  aud  certninty,  in 
defiance  of  ^vinds  and  tides :  it  may  now,  therefore,  be  presumed  that  steam 
navigation  is  permanently  established,  though  at  present  not  so  extensively 
as  die  exigencies  of  maritime  transport  require. 

Notwithstauding  tlie  numerous  improvements  which  have 
been  made  iu  the  form  and  dimensions  of  the  hulls  of  steam- 
Tessels,  and  the  perfection  to  which  the  machinery  has  been  brought,  still 
the  weight  of  the  latter,  together  with  the  space  required  for  the  fuel,  has 
rendered  it  hitherto  impracticable  to  extend  the  duration  of  a  steam  voyage 
beyond  the  period  of  twenty  days,  without  the  necessity  of  taking  in  a  fresh 
supply  of  coals.  It  must  therefore  be  concluded  that  until  some  great  reduction 
can  be  made  in  the  weight  of  the  engines  and  in  the  amount  of  fuel  required 
to  keep  them  in  motion,  the  use  of  steam  as  the  sole  moving  power  must  be 
limited  to  voyages  of  three  weeks'  duration,  a  period  of  time  wholly  inadequate 
for  the  performance  of  an  Indian  or  South  American  voyage. 

A  practical  examiuatiou  of  the   cause  of  the   limited   ap- 
plication  of  this  noble  invention  shows  that  every  attempt  to 
adapt  engines  to  vessels  of  a  large  size,  so  as  to  obtain  increased  space  ifith 
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a  degree  of  speed  proportionate  to  that  of  smaller  boats,  is  frustrated  by  the 
invariable  result,  tliat  the  weight  of  the  enlarged  engines  is  greater  in  the  pro- 
portion of  about  25  per  cent,  than  that  of  the  smaller  engines ;  and  that  whilst 
the  machinery  of  a  boat  which  lias  an  engine  of  only  30  horses-power,  weighs, 
including  the  boiler,  water,  &c.,  only  30  tons,  or  1  ton  per  horae-power,  the 
engines  of  a  sliip  having  300  horses-power  will  weigh  375  tons  or  I^-  ton  per 
horse-power.  Tlie  immediate  consequence  of  this  disproportionate  increase  of 
weight  is  a  greater  immersed  section  of  the  vessel,  and  a  necessary  increase 
of  the  resistance  offered  to  her  motion,  so  that  the  force  required  to  propel 
her  through  the  water  must  always  increase  with  the  power  employed,  and 
not  even  cubing  the  steam  power  would  produce  double  the  velocity.  The 
experience  of  persons  acquainted  with  steam  navigation  lias  determined,  that 
if  a  vessel  be  propelled  by  the  application  of  steam  power  at  the  rate  of 
8  miles  an  hour  through  the  water,  no  multiplication  of  that  power  could 
double  her  speed  :  it  is  further  a  matter  of  great  doubt  whether,  supposing 
a  vessel  be  propelled  at  the  rate  of  8  miles  au  hour  by  an  engine  of  200 
horses-power,  an  additional  speed  of  1^  mile  per  liour  could  be  given  to  her 
by  the  application  of  400  horses-power. 

Inde]>endently  also  of  this  question,  though  intimately  con- 
nected with  it,  is  the  consideration  of  the  additional  weight 
and  bulk  of  the  fuel  required  for  the  increased  consumj>tion  of  the  en- 
larged engines,  and  which  is  found  to  be  in  the  same  ratio  with  the  increased 
power;  so  that  if  150  tons  would  suffice  for  10  days'  consumption  of  a  boat 
with  engines  of  200  horses-power,  300  tons  would  be  required  for  the  same 
length  of  time  in  a  boat  with  400  horses-jwwer ;  and  the  conclusion  to  which 
these  statements  inevitably  lead  is,  that  if  a  vessel  of  200  horses-power  can  be 
pro])elled  at  the  rate  of  8  miles  an  hour  by  an  expenditure  of  15  tons  of  coals 
per  dieni,  the  same  vessel  with  400  horses-power,  and  a  consumption  of  30 
tons  per  diem,  would  only  obtain  a  speed  of  9i  miles  per  hour,  an  increase  in 
velocity  quite  dispro portioned  to  the  means  by  which  it  is  effected. 

A  tliird,  and,  in  a  commercial  point  of  view,  a  most  material  circumstance 
affecting  the  utility  and  economy  of  steam-vessels  of  great  power,  is  the  space 
necessarily  occupied  by  the  engines  and  the  supjjly  of  coals,  which  are  found 
to  require  three-fourths  of  the  whole  area  below  deck,  leaving  only  one 
quarter  for  the  stowage  of  cargo ;  and  that,  owing  to  the  great  weight  of  the 
former,  must  principally  consist  of  measurement  goods.     Thus  the   "Presi- 
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dent,''  and  the  "  British  Qunon,"  although  of  2000  tons  register,  have  never 
been  able  to  carry  more  than  500  tons  of  measurement  goods  as  freiglit. 

From  a  due  consideration  of  the?4e  three  features  of  the  <|uestion,  with  re- 
spect to  the  expediency  of  emjjloyirig  large  steam-vessels,  (and  it  is  believed 
that  few  practical  men  will  dispute  tlie  facts  by  which  they  are  developed,) 
it  is  evident  that  the  attempt  to  perform  voyages  of  lengthened  duration  by  the 
power  of  steam  alone  must,  in  the  present  stat^  of  engineering  science,  be  at- 
tended with  an  expense  wholly  disprojwrtioned  to  the  profits,  when  the  cost  of 
the  hull  and  engines,  the  consumption  of  fuel,  the  wages  of  the  engineers, 
stokers,  &c.,  are  compared  with  the  amount  of  freight. 

The  question  next  to  be  examined,  therefore,  is  the  extent  to  which  steam 
power  may  be  profitably  employed  in  shortening  the  duration  of  commercial 
voyages;  for,  with  respect  to  passengers  and  mails,  it  is  conceived  they  do  not 
enter  into  the  category  of  considerations  proposed  by  the  author  of  this  essay. 
Dimi.oii««orpo«wrof       A  stroug  and  at  the  same  time  an  apparently  well-grounded 
flMMcun.  opinion  is  entertained   by  the  author,  that  in   many   cases 

steam-vessels  are  actually  overburthened  by  the  size  and  weight  of  their  ma- 
chinerv,  and  that  the  s|>eed  of  several  steamers  now  afloat  might  be  mate- 
rially improved,  as  well  as  a  considerable  saving  effected  in  their  wear  and 
tear  and  the  cost  attendant  on  them,  by  reducing  the  power  and  weight  of  their 
engines.  A  recent  case,  which  is  familiar  to  the  profession,  affords  an  apt  and 
strong  proof  of  the  truth  of  this  opinion ;  and  it  may  be  cited  with  advantage 
as  illustrative  of  a  point  in  steam  navigation,  M'hich  has  hitherto  not  received 
quite  so  much  attention  as  it  merits. 
Adv.)K.cr.ordimiouiird  The  "  Liverpool,"  constructed  at  the  port  after  which  she 
ik«  ■  LiTetpwoi.*  ^as  named,  in  the  year  1837,  for  Sir  John  Tobm,  was  con- 
sidered to  be  a  perfect  model  of  an  Atlantic  steamer,  her  beam  being  only 
29  feet  to  a  length  of  220  feet,  whilst  her  sharp  bows  and  clean  run  aft 
were  calculated,  it  was  anticipated,  greatly  to  increase  her  speed.  The  mea- 
surement of  the  "  Liverpool,"  according  to  the  old  rule,  would  have  given  her  a 
register  of  1000  tons,  but  tl»is  burthen  was  virtually  diminished  to  900  tons  by 
the  sharpness  of  her  bows  and  stern,  which  lessened  her  stowage  to  the  extent  of 
100  tons.  Into  this  vessel,  so  constructed,  engines  of  450  horses-power  were 
placed,  thus  giving  her  exactly  one  horse-power  to  each  two  tons  burthen,  which 
was  tlie  greatest  proportion  of  power  to  tonnage  that  had  up  to  that  period  been 
adapted  to  a  steam-ship.     The  weight  of  the  engines,  together  with  that  of  tJie 
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boilers  when  filled  with  water,  brought  the  hull  of  the  vessel  down  to  within 
two  feet  of  the  estimated  water-line  with  her  coals  and  cargo  on  board ;  but 
when  500  tons  of  fuel  (a  short  supply  for  18  days*  consumption)  were  added 
to  the  weight  already  on  board,  she  sank  so  deep  that  her  paddle-\v heels  became 
immersed  4  feet  below  their  proper  dip,  and  the  action  of  tlie  engines  was  very 
much  impeded,  occasioning  great  waste  of  power. 

The  *'  Liverpool  *'  subsequently  made  two  or  three  voyages  across  the 
Atlantic  in  a  very  indifferent  style;  she  was  then  taken  off  the  line,  having 
proved  altogether  unfit  for  the  purpose  for  which  she  was  built. 

It  may  fairly  be  estimated,  that  had  engines  of  300  horses-power  been 
placed  in  this  vessel,  instead  of  those  of  450  horses-power,  her  speed  would  have 
been  materially  increased,  as  tlie  full  force  of  the  engines  could  have  been 
exerted,  and  tlie  diminution  of  one-third  in  the  quantity  of  fuel  required, 
as  also  one-third  of  the  weight  of  the  engines,  would  have  eased  her  of  a 
burthen  of  upwards  of  300  tons,  and  have  kept  the  vessel  in  fair  trim  for  sea- 
going purposes. 

The  correctness  of  this  supposition  may  be  inferred  from  the  result  of  the 
alterations  which  were  made  subsequently  at  a  great  cast,  in  the  form  of  the  hull 
of  the  "  Liverpool."  Upon  being  taken  off  the  line  of  Atlantic  steamers,  she 
was  docked  at  Liverpool,  the  whole  of  her  sides  were  removed  down  to  the 
bilges;  futtocks  and  new  sides  were  worked  up  to  the  same  height  as  her 
former  bulwarks,  witliun  additional  width  on  eacli  side  of  3  feet,  thus  changing  a 
vessel  of '29  feet  beam  into  one  of  35  feet,  and  giving  her  thereby  an  additional 
burthen  of  400  tons,  increasing  the  register  from  900  tons  up  to  1300  tons. 

The  improvement  which  resulted  from  these  judicious  alterations,  not  only 
in  her  speed,  but  also  in  l»er  sea-going  qualities,  was  very  obvious  during  her 
passage  to  Alexandria,  and  lier  performances  have  since  been  satisfactory  and 
regular,  the  projwrtion  between  the  tonnage  of  the  ship  and  her  steam  power 
being  now  as  one  to  three  and  a  quarter,  instead  of,  as  before,  one  to  two. 
H«tioofsi««pu-eru.  '^^^^  autlior  IS  cnubled,  from  his  own  observation,  to  mention 
Dinndoaiof  vmmi.  j^mj^ijgj.  jntercsting  casc  illustrative  of  the  opinion  which  he 
entertains  with  respect  to  the  ratio  which  steam  power  and  the  dimensions 
of  vessels  ought  to  bear,  one  to  the  other. 

The  "Gem,"  Gravesend  steamer,  was  fitted  in  1836,  by  Messrs,  Seaward 
and  Co.,  with  a  pair  of  engines  of  50  horses-power;  the  vessel  was  145 
feet  long  with  19  feet  beam :  when  she  was  tried,  her  speed  fell  short  of  the 
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expectations  that  had  been  previously  entertained,  and  it  was  seen  that  the 
cause  arose  from  the  weight  of  the  engines,  which  overloaded  her  and  brought 
her  too  low  down  in  the  water:  the  utmost  speed  ever  attaine<l  by  the  '*  Gero" 
with  these  engines  was  12^  statute  miles  per  hour.  After  the  season 
was  over  these  engines  were  taken  out  of  the  "  Gem"  and  placed  in  the 
"  Ruby : "  the  latter  vessel  was  5  feet  longer  and  9  inches  broader  tlian  the 
former,  and  consequently  possessed  a  greater  degree  of  buoyancy.  Upon  the 
first  trial  the  speed  of  the  "  Ruby  "  was  found  to  be  1  mile  an  hour  greater 
than  that  of  the  "  Gem,"  her  velocity  being  13-^  miles  an  hour.  A  pair  of 
engines  of  45  horses-power  was  then  placed  in  the  "  Gem  : "  the  immediate 
result  of  this  was,  to  lessen  her  draught  5  inches,  and  to  increase  her  speed 
from  12i  to  13  miles  an  hour.* 

It  is  conceived  that  these  two  cases  exemplify,  in  a  striking  manner,  the 
opinion  before  stated  ;  but  at  the  same  time  it  must  not  be  assumed  that,  in 
quoting  them,  the  author  Cf)ndemus  the  employment  of  a  high  degree  of  power 
on  board  steam -vessels,  Tlie  object  which  he  proposes  to  effect  in  making 
these  observations,  is  to  demonstrate  what  he  conceives  to  be  an  undeniable  fact, 
namely,  that,  under  the  present  circumstances  of  steam  power,  vessels  are  fre- 
quently overburthened  by  their  engines  and  fuel;  but  at  the  same  time,  if  in- 
creased weiglit  and  space  were  not  the  insepirable  concomitiints  of  increased 
power,  it  is  admitted  tliat  there  would  be  no  possibility  of  assigning  any  real 
limits  to  the  employment  of  this  means  of  propelling  ships.  It  may  also  be 
observed  that  those  engineers  have  succeeded  best  who  have  studied  how  to 
combine  diminished  weight  with  equal  strength  in  the  construction  of  their 
roacliinery,  by  the  judicious  choice  and  application  of  materials. 

n.wMofnMUiD  Taking  therefore  a  general  view  of  these  facts,  it  may  be 

wv  iMvtBi poi»r.      stated  that  the  vessels  in  wliich  steam  is  employed  as  the 
sole  moving  power  must  be  ranged  under  three  distinct  classes : — 

First :  Tliose  of  the  largest  class,  such  as  the  "  President,"  the  **  British 
Queen,"  &c.,  which  from  their  size  and  capacity  can  carry  a  supply  of  fuel 
enabling  them  to  undertake  a  voyage  of  the  duration  of  twenty  days,  which 
forms  at  present  the  boundary  of  steam  voyages, 

*  Since  the  above  wm  written,  the  Ruby  has  had  her  bow  lengthened,  and  a  boiler  placed  in  her 
weighing,  with  the  water,  22  tons,  instead  of  the  former  one,  which  weighed  44  tons  :  this  has 
diminiBhed  the  draught  of  water  4  inches,  and  has  increaawl  her  gfteed  t  of  a  mile  per  hour;  her 
ordinary  velocity  through  still  water  being  now  14i  miles  per  hour. 
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Secondly :  Those  wliicli  are  able  to  carry  a  supply  of  fuel  sufficient  for  twelve 
days'  consumption  ;  and  lastly,  those  which  cannot  carry  more  than  eight  days' 
fuel.  Of  the  first  clasii  there  arc  only  five:  of  the  second  class  there  are  about 
tliirty :  of  the  number  of  the  third  class  no  exact  estimate  can  be  formed,  but  it 
must  be  observed  that  the  majority  of  steam-boats  fall  into  a  rank  much  below 
this  mark,  not  being  able,  generally  speaking,  to  carry  more  fuel  than  is  suffi- 
cient for  three  or  four  days'  consumption, 

NTrtlSuli? LlfqS  'The  present  state,  therefore,  of  steam  navigation  is  evidently 
Vm^S^"  altogether  inadequate  to  meet  the  large  and  daily  increa^mg 
demands  of  commerce,  and  in  this  respect  as  far  as  maritime  navigation  (as 
contradistinguished  from  river  and  coast  navigation)  is  concerned,  steam  must 
be  considered  to  be  in  its  infancy ;  for  tlie  communication  by  tliis  means  with 
our  own,  or  with  foreign  distant  colonies, — India  via  the  Cape  of  Good  Hope, 
the  West  Indies,  the  Pacific  Ocean,  Australia,  the  Brazils,  and  other  liighly 
important  productive  commercial  countries, — is  at  present  impracticable  to 
any  extent,  as  the  facts  hereafter  stated  will  more  distinctly  show. 
;fli»mi».«oi..B>(itt>>g  It  is  moreover  to  be  apprehended  that  the  difRculties  which 
scftVoy-ifM.  have  Jiitherto  been  found  to  impede  the  direct  communication, 
by  means  of  steam  power  only,  with  these  distant  parts  of  the  globe  will 
be  found  to  be  insurmountable,  and  that  therefore  with  respect  to  economy 
of  time  as  well  as  of  space,  fuel,  outlay,  &.C.,  some  intermediate  plan  must  be 
resorted  to,  before  any  profitable  result  can  be  looked  for  from  the  employ- 
ment of  this  power. 

jtmeiioD or  .Kt»n  This  intermediate  plan  is  to  emplov  the  wind,  with  the 
moamt»M.  common  agency  of  sails,  as  the  principal  moving  force,  and 
to  use  steam  power  only  in  those  cases,  where  the  failure  of  the  wind  or  its 
being  contrary,  would  cause  delay  on  the  voyage  ;  and  thus  by  the  combination 
of  these  two  moving  forces,  to  ensure  dispatch,  safety,  and  economy,  and  open 
a  wide  field  for  British  skill  and  enterprize. 

This  plan  was  first  suggested  by  the  autlior  in  a  pamphlet  published  in  the 
year  1829.* 

Although,  during  the  inten'al  which  has  since  elapsed,  the  views  therein  ex- 
posed have  been  fully  established,  little  has  hitherto  been  done  towards  carry- 
ing them  into  that  full  and  complete  operation  which  the  success  attendant 

*  "  Observations  on  the  Advantages  and  Possibility  of  successfully  employing  Steam  Povcr 
in  navigating  Ships  between  this  Country  and  tlic  East  Indies." — London,  1829. 
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upon  tbeir    partial  application   has,   it  is    conceived,  entitled   the  author  to 
expect. 
Th*-M-ri.;  nr.i«««pi«      The  earliest  attempt  to  adapt  steam  power  to  a  sailiug- 

oT  camblitinK  Simtm  power  ■!«■•«» 

-.till  8»iiinfr         vessel  was  made  in  the  year  1839,  when  the  ship  "  Maria, 
of  460  tons  burthen,  was  fitted  with  engines  of  20  horses-power  as  auxiliary 
steam  machiner}',  by  Mr.  John  Melville ;   and  in  the  years  1839  and  1840 
two  other  vessels  have  had  auxiliary  steam-engines  adapted  to  them,  so  that 
the  experiment  may  now  be  said  to  be  undergoing  a  fair  course  of  trials. 

The  suggestions  contained  in  the  pamphlet  above  referred  to  (a  copy  of 
which,  accompanied  by  a  chart  of  the  route  to  India  and  China,  has  been  pre- 
sented by  the  author  to  the  Institution)  were,  that  vessels  of  from  1500  to  1800 
tons  burthen  should  be  constructed  to  sail  10  or  11  knots  an  hour  before  the 
wind,  to  bo  rigged  and  equipped  in  the  same  manner  as  ordinary  Indiamen ; 
engines  of  small  power  were  to  be  placed  in  these  vessels,  to  be  brought  into 
action  only  during  calms,  or  to  assist  the  sails  under  light  airs;  by  this 
means  it  was  calculated  that  the  duration  of  the  voyage  to  India  would  be 
decreased  to  seventy-five  days,  allowing  seven  days  for  stoppage  at  the  Cape 
of  Good  Hope  to  take  in  water,  coals,  anrl  {)rovision3 ;  whereby  a  saving  of 
thirty-five  days  in  the  passage  to  India  would  I>e  effected,  one  hundred  and  ten 
days  being  the  average  duration  of  the  voyage, 
ciM.«rvM.ri.i«rt«iiiuNi      Before  entering  upon  the  details  of  this  scheme,  either  as 

btWBbinlaKStrxra power  .  .  ■    i  j    i-       ■        i  i-  • 

with  juiiinc.  regards  its  past  success  lu  the  partial  and  limited  appUcatmn 
which  it  has  hitherto  received,  or  as  to  its  future  adaptation,  it  may  be  de- 
sirable to  describe  the  class  of  sailing-vessels,  to  which  auxiliary  steam  may  be 
regarded  as  an  applicable  power,  and  where  its  employment  may  be  expected 
to  be  attended  with  success;  and  here  it  must  be  observed  that  commercial, 
and  not  scientific  success,  is  the  only  result  looked  to :  for  uothiug  can  be  con- 
sidered successful,  in  a  commercial  poiut  of  view,  to  which  a  fair  profit  upon 
the  capital  employed  does  not  attach. 

Auxiliary  steam,  then,  may  be  considered  to  be  applicable  to  all  well-built 
vessels  ranging  from  400  tons  upwards,  wherein  the  engines  can  be  placed  so 
as  not  to  encroach  upon  the  stowage.  On  or  between  the  decks  of  vessels  of 
this  tonnage  sufficient  space  exists  to  contain  power  equal  to  the  effort  of 
propelling  a  ship  at  the  rate  of  5  knots  an  hour  in  a  calm,  the  power  necessary 
to  attain  this  degree  of  speed  being  in  the  proportion  of  about  one  horse  to 
twenty-five  tons ;  the  only  stowage-room  required  would  be  for  the  coals  neces- 
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sary  for  the  consumption  of  the  engines,  the  quantity  of  course  depending  on 
the  nature  and  duration  of  tlie  voyage. 

timmhn  .ml  d«»qf  v^mu      Thc  numbcr  and  classes  of  sailine-vessels  in  our  commercial 
tMroibiiiy  .dird.       navy  to  which  auxihary  steam  might  be  at  once  advantage- 
ously applied,  may  be  thus  roughly  estimated : — 

East  India  Traders  about     ....     250  sail  averaging  800  tons  each 


Australian  and  New  Zealand  Packets       60 
West  India  Traders    ......     300 

Otlier  Merchant  Vessels 1000 


600 
500 
400 


To  all  these  it  is  conceived  that  auxiliary  steam  power  may  be  applied  with  a 
certainty  of  its  success  in  shortening  the  duration  of  voyages,  and  consequently 
of  proportionately  reducing  the  expense. 

The  generality  of  merchant  vessels,  particularly  those  which 
'"^^  trade  round  the  Cape  of  Good  Hope  and  Cape  Horn,  sail  before 

tlie  wind,  upon  an  average,  at  the  rate  of  from  1 1  to  12  nautical  miles  an  hour ; 
in  a  gale  this  speed  is  increased  to  13  or  14  miles,  being  from  2  to  3  miles  an  hour 
faster  than  any  ordinary  steamer  could  be  propelled  under  similar  circumstances. 
This  result  is  occasioned  by  two  causes,  first  by  the  impediment  to  the  steam, 
vessel's  progress  through  the  water  arising  from  the  trailing  of  large  wheels  ; 
and  secondly  because  the  masts  and  spars  of  such  ships  are  so  light,  that  the 
same  spread  of  canvass  and  tlie  same  wiud  which  would  propel  an  ordinary 
sailiug-vessel  at  the  rate  of  13  or  14  miles  an  hour  would  destroy  the  masts 
and  sails  of  a  steamer.  It  has,  moreover,  been  found,  by  experience,  to  be  ex- 
tremely hazardous  to  use  the  full  power  of  steam,  when  the  speed  of  the  vessel 
under  canvass  amounts  to  9  miles  an  hour ;  so  that  under  the  most  favourable 
.  .  combination  of  circ\nnstances  the  utmost  average  speed  that 

w«*u.  jj^jj  |jg  obtained  by  a  steamer  is  12  miles  an  hour,  whilst  with 

a  wind  on  her  quaiter  or  abeam,  her  crank  build  reduces  her  way  to  6  or  7  miles 
an  hour;  a  sailing-vessel  with  the  same  wind,  and  holding  on  the  same  course, 
making  11  or  12  miles :  even  when  a  sailing-vessel  is  close-hauled  or  steering 
witliin  five  points  of  tlie  wind's  eye,  she  will  make  from  6  to  7  knots,  if  there 
be  any  wind  amounting  to  a  breeze,  so  that  a  sailing-vessel  can  always  steer 
twenty-two  out  of  the  thirty-two  points  of  the  compass,  with  a  way  varying 
(according  to  the  degi'ce  to  whicli  she  is  close-hauled,  and  to  the  amount  of 
wind)  from  5  to  12  or  13  knots  an  hour. 
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It  should  also  be  borne  in  miud  timt  in  the  Atlantic, 
,.i...i...i«T«...wud..  Pacific,  and  Indian  Oceans,  there  always  prevail  what  are 
termed  trade  winds,  which  blow  with  varying  force,  iu  one  constant  direction 
witliin  certain  parallels  of  latitude,  all  the  year  round,  and  it  is  by  the  knowledge 
and  skilful  use  of  these  winds  that  our  Indianien  are  enabled  to  perform  their 
voyages  so  quickly  as  they  do.  The  detention  exj>erieaced  on  an  average  by 
tliese  vessels  in  consequence  of  calms  and  contrary  winds,  amounts  to  about 
twenty-five  days,  which  deducted  from  one  hundred  and  ten  days,  the  average 
duration  of  tlie  passage,  leaves  the  period  of  eighty-five  days  for  the  performance 
of  the  distance  whicli  the  vessel  has  to  traverse  before  she  reaches  her  destination, 
giving  an  average  speed  of  from  7  to  8  knots  an  hour,  tlie  actual  8|>eed,  however, 
var}ing  from  3  to  12  or  13  knots,  according  to  the  force  and  direction  of  the  wind. 
c»»r*</iiMWB|th<>M.i  Ilencc  it  is  that  the  duration  of  the  voyages  of  stcam- 
suuoBiy.  TcsseU  of  great  power  which  have  been  sent  out  to  India 
has  in  every  instance  been  lengthened  to  the  extent  of  one-fifth  beyond  the 
average  period  occupied  by  sailing-vessels  in  making  the  same  passage.  The 
reasons  for  tljis  are  obvious,  for,  in  the  first  place,  the  full  power  steamers,  as 
now  built,  arc  bad  sailers,  their  S|>ar8  and  rigging  bt^ing  very  iuefiicient;  con- 
sequently they  rely  almost  wholly  for  their  progress  upon  the  power  of  steam, 
which,  as  has  been  shown,  is  not  equal  under  certain,  and  not  uncommon 
circumstances,  to  the  power  of  the  wind.  Steam-vessels  constructed  like  those 
which  have  hitherto  gone  round  the  Cape,  can  only  run  fourteen  or  fifteen  days 
before  they  are  compelled  to  put  into  |>ort  for  fuel,  a  necessity  which  the  length 
of  the  voyage  to  India  obliges  them  to  submit  to  four  or  &ve  times,  whereby 
many  days  are  lost,  during  which  tlie  sailing-vessel  is  steadily  pursuing  her 
course:  the  time  thus  expended  may  be  fairly  balanced  against  that  during 
which  the  sailing-vessel  is  becalmed  or  retarded  by  adverse  winds,  and  the 
duration  of  the  voyages  to  India  (viz.  from  130  to  150  days)  of  the  steamers 
"Enterprise,"  "Atalauta,**  "Berenice,"  and  others  can  therefore  be  amply 
accounted  for. 

rf*8"'^«  m'^&"I?J  Having  thus  weighed  tlie  advantages  and  drawbacks  at- 
iw«.  ««ji|jiiw  by  ii».  jgjjjj^^  upon  both  systems  of  navigation  as  at  present 
practised,  and  having  comjjared  the  powers  of  steam  with  tliose  of  sailing- 
vessels,  it  may  be  considered  exf>edieut  to  state  the  results  that  have  "been 
obtained  by  the  employment  of  auxiliary  power  which  has  been  adapted  to 
the  "  Venion"  East  Indiaman. 

G  o  a  2 
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Thi&  vessel,  measuring  1000  tons,  was  built  by  Mr.  Green,  of  Black  wall,  in 
the  year  1837,  and  during  one  or  two  passages  to  India,  proved  herself  to  pos- 
sess first-rate  sailing  qualities.  Her  hidl  is  constructed  much  upon  the  model 
of  a  frigate;  her  masts  are  large  and  taunt,  her  yards  square,  with  capacity 
for  spreading  a  great  breadth  of  canvass,  and  she  sails  Avith  ease  twelve  to 
thirteen  knots  in  a  fresh  gale.  The  "Vernon"  therefore  presented  peculiar  quali- 
fications for  the  application  of  the  auxiliary  steam  power,  and  as  Mr.  Green  was 
fully  impressed  with  the  necessity  of  endeavouring  to  shorten  the  duration  of  sail- 
ing voyages  round  the  Cape  to  India,  in  order  to  enable  his  vessels  to  compete 
with  the  Red  Sea  steamers,  he  readily  adopted  the  suggestion  which  was  made 
to  him  for  applying  auxiliary  steam  to  this  ship,  and  gave  an  unlimited  authority 
to  Messrs.  Seaward,  to  equip  the  "  Vernon"  with  the  engines  and  machinery 
wh'ch  they  might  deem  necessary  to  eifect  the  purpose  required.  Considering 
it  to  be  a  matter  of  great  importance  that  the  smallest  possible  steam  power 
D«.Hptio..of.w.v.n,ouv  s^o"^^*  ^^  employed,  Messrs.  Seaward  constructed  a  con- 
"•""'•  "■*  "'"^•'•'"y-  densiug  engine  of  30  horses-power,  which  with  its  boiler,  &c., 
was  placed  midship  between  decks,  occupying  tlie  space  between  the  main  and 
fore  hatchways,  the  whole  apparatus  being  comprised  witliin  the  dimensions  of 
24  feet  in  length  and  10  feet  in  breadth;  no  part  of  the  engine  g"oing  into  the 
hold,  which  was  filled  with  cargo  in  the  ordinary  manner.  The  total  weight 
of  the  machinery  was  25  tons ;  the  cylinder  was  placed  horizontally,  and  in  order 
to  economise  space  the  shaft  was  fixed  behind  the  cylinder  bottom,  and  the  two 
side  rods  from  the  piston  cross  head  became  the  connecting  rods  to  the  shafts. 
The  paddle  wheels  and  shafts  rested  upon  bearings  placed  in  tlie  bulwarks,  from 
which  the  paddle  wheels  projected  5  feet  on  either  side:  there  were  no  paddle 
boxes  or  beams,  the  whole  apparatus  being  left  open,  and  the  wheels  were  so 
constructed  that  they  could  each  be  separated  into  two  pieces  and  taken  on 
board,  leaving  the  ends  of  the  shafts  projecting  about  18  inches  from  the  ship's 
sides.  The  diameter  of  the  wheels  was  14  feet,  the  floats  being  constructed 
to  reef  to  the  extent  of  18  inches,  according  as  the  dip  of  tlie  wheel  was  altered 
by  the  varying  draught  of  the  vessel  whether  fully  or  partially  laden.  An 
apparatus  was  also  attached  to  the  engine  by  which  the  paddle  wheels  could 
be  disengaged  from  the  main  shaft  in  the  space  of  one  minute,  whenever  that 
operation  was  necessary ;  a  very  important  feature  it  must  be  observed  in  the 
adaptation  of  auxiliary  steam  to  sailing-vessels,  as  it  is  essential  that  the  engine 
should  be  stopped  whenever  the  breeze  which  it  is  intended  to  assist  freshens, 
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during  the  action  of  the  8ti?am,  so  much  as  to  propel  the  vesi*el  by  its  own 
force,  at  the  rate  of  six  or  seven  miles  an  hour.  The  engine  being  stopped  and 
the  wheels  disconnected  by  the  apparatus  referred  to,  the  way  of  the  vessel  is 
not  impeded  by  their  trailing  in  the  water  as  fixtures,  for  they  turn  freely 
round,  and  thus  offer  little  or  no  resistance  to  the  ship's  progress.  During  the 
voyage  of  the  "  Vernon,"  the  wheels  were  frequently  disengaged  while  the  vessel 
was  going  about  or  tacking,  the  contrivance,  which  fully  answered  the  purpose, 
being  the  very  simple  one  of  attaching  a  moveable  head  to  the  paddle-shaft 
crank,  whicJi  being  turned  a  quarter  of  a  circle  liberates  the  crank-pin,  and 
enables  the  wheel  to  revolve  freely  in  whichever  direction  the  motion  of  the 
water  impels  it. 

The  boiler,  cylinder,  and  steam-pipes  were  enveloped  throughout  with  felt 
clothing  doubled,  and  covered  with  deal  staves  '2  inches  thick,  ho<jped  with 
iron  and  painted.  This  non-conducting  medium  was  found  to  be  so  effectual, 
that  the  thermometer  only  rose  3  degrees  on  being  hung  on  the  covering  of 
the  boiler  while  the  engine  was  at  work,  the  minimum  heat  underneath  the 
covering  being  proliably  at  220*.  The  advantages  derived  from  this  plan  were, 
that  not  only  was  greater  safety  insured  to  the  ship,  as  well  as  a  considerable 
saving  effected  in  the  expenditure  of  fuel,  but  also  the  personal  comfort  of  the 
passengers  in  tlie  tropical  latitudes  was  greatly  increased  by  the  slight  extent  to 
which  the  employment  of  steam  affected  the  temperature  of  the  vessel.  This 
system  which  was  fii-st  applied  to  the  boilers,  &c.,  of  Her  Majesty's  ship 
"  Gorgon,"  is  now  very  generally  adopted  throughout  the  Navy. 

In  June,  1839,  the  "Vernon"  having  on  board  900  tons  of  cargo, 
and  60  tons  of  coals,  with  a  draught  of  17  fe*?t  in  the  river,  (16^ 
feet  at  sea,)  steamed  down  to  the  anchorage  at  Gravesend  from  the  East  India 
Docks,  in  three  hours.  During  the  last  three  quarters  of  an  hour,  she  made  way 
against  the  tide  unassisted  by  her  sails,  at  the  rate  of  five  knots  an  hour,  equal  to 
five  and  three-quarters  statute  miles.  A  speed  like  this  attained  by  the  em- 
ployment of  a  steam  power  of  one  horse  to  thirty  two  tons,  astonished  all 
on  board,  and  whilst  it  exceeded  the  expectations  that  had  been  entertained 
of  the  engine's  performances,  it  afforded  a  convincing  proof  of  the  small  amount 
of  power  requisite  to  obtain  a  low  speed.  The  engine  made  twenty  four  strokes 
per  minute,  appearing  to  work  easily  and  well,  and  giving  no  indications  of 
the  mishaps  which  afterwards  befel  the  macliinery.  On  the  third  day  from 
her  leaving  the  Docks  she  sailed  from  Gravesend  and  made  llie  voyage  to 
Portsmouth,  partly  under  canvass  and  partly  by  the  aid  of  steam,  at  a  speed, 
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AccideaU  to  llie  BD|;iQ«. 


varying  according  to  circumstances,  from  five  to  seven  knots  an  hour.  In  the 
Channel  off  Brighton,  the  piston  rod  broke;  this  was  re- 
placed by  a  spare  one,  and  die  vessel  hnally  started  from 
Portsmouth  during  a  calui,  tlie  steam  being  used  for  the  space  of  eighteen  hours, 
when,  being  off  Dartmouth,  the  second  piston  rod  snapped  at  tlie  same  part 
where  the  first  had  failed,  aiibrding  however  no  means  of  accounting  for  the 
accident  or  of  preventing  its  recurrence,  the  rod  itself  being  quite  sound  and 
without  a  flaw  at  the  fracture,  and  the  other  parts  of  the  machinery  standuig 
remarkably  well.  Under  these  circumstances  tixe  **  Vernon"  proceedeil  on  her 
voyage,  making  use  of  her  sails  only,  until  she  reached  the  Line,  where  calms 
generally  prevail.  The  engineer  then  fitted  his  third  and  last  piston  rod,  and 
the  engine  was  again  brought  into  action,  the  hopes  of  all  on  board  being 
now  directed  towards  this  means  of  avoiding  the  delays  of  from  six  to  eight 
days  that  are  usually  experienced  by  vessels  in  the  calm  latitudes.  These  hopes 
were  however  spe-edily  disappointed  by  the  fracture^  of  the  third  piston  rod  at 
the  same  place  in  which  the  two  former  ones  had  given  way,  namely  inside  the 
cross  head,  against  the  shoulder.  The  vessel  being  thus  thrown  entirely  on 
her  sailing  resources,  the  wlieels  were  unshipped  and  the  Cape  was  made  in 
eighteen  days  from  the  time  of  the  last  accident. 

Upon  examining  the  machinery  at  the  CajMi,  it  was  discovered  that  an  ori- 
ginal defect  existed  in  one  of  the  paddle  sliafts,  the  main  bearing  of  which 
being  split  into  two  equal  portions,  threw  the  whole  strain  of  the  engine  at  each 
stroke  upon  one  arm  of  the  cross  head,  and  thus  ihe  piston  rods  were  snapped 
in  succession  close  off  at  that  part. 

The  necessary  repairs  being  done  to  the  shall  by  the  engineer,  with  the 
assistance  of  a  Dutch  boor,  tlie  "  \  ernon"  again  proceeded  on  her  vo^-age  to  Cal- 
cutta. After  she  had  passed  Madagascar,  light  winds  alternating  with  calms, 
prevailed  during  the  remainder  of  her  course  through  the  Indian  Ocean  and 
up  the  Bay  of  Bengal,  and  the  engine  being  now  brouglit  into  requisition,  per- 
formed its  work  in  a  manner  that  proved  most  essentially  serviceable  to  the 

c«»,v«ooofti,-- Won .-.  sljip-     During  eight  days  and  nights  the  engine  was  kept  in 
r«>«Kc  «o.i  tprrd oLumM.    j.^jj,^(_jj,j(.  yf^y^]^^  tlj^  vesscl  avcrHgiug  4^  knots  an  hour  (5 

statute  miles)  when  steady,  and  4  miles  when  rolling  under  the  swell  of  the  sea. 
She  stcamedup  tlie  Hooghley  against  the  current,  passing  the  ships  at  anchor, 
and  finally  anchored  off  Chaudpal  Ghaut,  in  the  month  of  November,  1839, 
having  made  the  passage  in  ninety-five  days. 

The  nesvs  of  tlie  arrival  of  the  "  Venion,"  and  of  the  pecuUar  qualilicatioDS 
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afforded  by  her  fitting^  for  making  a  quick  passage,  soon  spread  throughout 
the  preaidency,  and  applications  for  cabins  and  for  freight  became  so  numerous 
that  the  agents  augmented  tlic  prices  of  the  former  one-fifth,  and  the  freight  of 
cargo  1/.  per  ton,  at  which  rate  the  whole  accommodation  of  the  vessel  was 
speedily  taken  up.  It  must  be  remarked  that  the  East  Indian  public  fully 
appreciate  the  high  value  of  citeam,  being  aware  of  the  tedium  and  ennui  to 
which  they  are  exposed  by  the  calms  often  experienced  in  the  voyage  to  and 
from  India ;  nor  does  the  most  frightful  gide  of  wind  convey  to  the  seaman  half 
the  horrors  which  he  attaches  t;0  the  idea  of  being  becalmed  on  the  Line  for  a 
week  or  a  fortnight  beneath  a  vertical  sun. 

The  "Vernon"  raised  her  anchor  on  the  28th  February,  1840, 
and  steamed  down  the  river  on  her  passage  homewards  amidst  the 
acclamations  of  thousands  of  spectators  whose  curiosity  had  been  excited  by  her 
performances.  The  "  Windsor,"  another  ship  belonging  to  the  same  owner> 
and  of  about  the  same  tonnage,  had  sailed  exactly  three  weeks  previously.  In 
the  Bay  of  Bengal  the  "  Vernon  "  encountered  a  constant  calm,  and  the  engine 
was  in  consequence  unremittingly  worke<l  during  the  space  of  fifteen  days.  On 
the  17th  April  slie  made  the  Cape  and  steamed  into  Table  Bay,  coming  to  an 
anchor  off  the  town  during  the  night  to  the  astonishment  of  the  natives,  no 
vessel  having  up  to  that  moment  ever  ventured,  owing  to  the  dangerous  na- 
ture of  the  ground,  either  to  enter  or  to  quit  the  anchorage  after  sunset.  Ves- 
sels  in  consequence  of  this  circumstance  frequently  lie  becalmed  under  the 
tabic  land  during  three  or  four  days,  while,  by  the  aid  of  her  steam,  the 
"  Vernon''  accomplished  this  in  six  hours.  Having  stayed  a  week  at  the  Cape 
the  vessel  started  again  on  the  23rd  of  April,  under  steam,  which  she  used  occa- 
sionally during  the  ten  subsequent  days.  On  the  6th  May,  St.  Helena  was 
left  astern,  and  finally  Spithoad  was  made  on  the  4th  June,  the  j)assage  from 
the  Cape  having  been  thus  nuide  in  the  unprecedeutedly  short  period  of  forty- 
two  days  between  the  raising  and  the  casting  of  the  anchor;  a  passage  which 
for  quickness  exceeds  all  the  periormances  of  the  largest  steamers  that  have 
gone  round  the  Cape,  the  shoiiest  of  those  passages  having  been  fifty-two,  and 
the  longest  sixt)'-two  days. 
Durtfina  of  Vowp-  '^^^*^  "  Vemou"  steamcd  up  the  Channel,  passing  the  "  Wind- 
aadspMdviMioed.  ^^^i*  lyjjjg  jjj  jj^g  Dowus  Waiting  for  a  tug,  thus  gaining  upon  that 

vessel  twenty-one  days.     She  arrived  at  Blackwall  under  steam  on  the  10th 
Jane,  the  "  Windsor  "  reaching  the  same  place  on  the  12th,  whereby  a  fiirthcr 
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gain  of  two  days  was  added  to  the  former.  The  whole  distance  between  Spithead 
and  Calcutta  was  accomplished,  by  the  alternate  agency  of  steam  and  wind,  in 
the  short  period  of  ninety-five  days,  and  deducting  seven  days  for  stoppage  at  the 
Cape,  tlie  duration  of  the  passage  is  reduced  to  eighty-eight  days,  being  one  of 
the  shortest  passages  on  record. 

Great  praise  must  be  awarded  to  Captain  Denny,  her  commander,  whose 
valuable  assistance  on  all  occasions  to  the  engineer,  and  whose  enthusiasm  and 
courage,  which  never  once  abated,  greatly  promoted  the  success  of  this  experi- 
ment; although  the  etirly  difficulties  of  tlie  outward  voyage  were  of  a  nature  to 
dishearten  him,  and  to  lessen  his  confidence  in  the  powers  of  steam. 
Tha"E«ri«rH.rd-iciw-      Thc  success  whicli   attended  the  vovasre  above  described 

fln«il    Willi    -n    A<r^liary  >^      ^ 

E..ffio«.^a^B^^.un.(«r  infiuced  the  owner  of  the  "  Vernon,"  to  equip  the  "  Earl  of 
Hardwicke,"  a  sister  vessel,  with  an  engine  of  the  same  power.  The  experience 
acquired  during  the  experimental  voyage  however  led  thc  engineers  to  intro- 
duce some  modifications  into  the  machinery  of  both  the  engines. 

The  "  Earl  of  Hard  wicke*'  started  on  her  outward  voyage  on  the  20th  August, 
and  made  the  Sand-heads  on  the  8th  December.  The  passage  was  certainly  a 
long  one,  but  the  autumnal  season  of  1840  was  characterised  by  very  tedious 
passages.  The  steam  was  used  during  three  hundred  and  sixty-four  hours  at 
various  intervals  of  the  voyage  out,  and  the  number  of  miles  gained  thereby  in 
the  calm  latitudes,  and  where  without  it  the  vessel  might  have  been  delayed 
for  days  together,  amountetl  to  nine  hundred  and  forty-six.  Captain  Hemming, 
in  a  communication  addressed  to  Messrs.  Seaward,  accompanying  an  extract 
from  his  log,  wherein  the  exact  work  done  by  the  auxiliary  steam  is  noted, 
states  that  the  performances  of  the  engine  were  satisfactory. 
"  In  a  calm  with  perfectly  smooth  water,"  says  Captain 
Hemming,  "  it  wilt  move  the  ship  4-J-  knots  an  hour.  As  the  ship  gathers 
way  from  a  breeze  the  engine's  f)ropelling  power  increases  in  proportion. 
When  the  ship  will  sail  5  knots  with  canvass  the  engine  will  increase  her 
rate  to  7  knots,  and  when  sailing  close-hauled  the  engine  makes  the  ship 
hold  a  much  better  wind.  We  have  had  no  accident  with  it.  Tlie  con- 
sumption of  coals  is  at  the  rate  of  3J  tons  in  24  hours.  I  did  not  reef 
the  paddles  any  more  as  the  ship  lightened  daily,  and  they  are  not  too 
deep  for  a  sea-going  steamer;  but  I  have  never  been  able  to  get  more 
than  22  revolutions,  even  when  the  ship  has  been  goitig  through  the  water 
8  knots  by  canvass,   at   which  rate  the   piston    could   have   little    resistance 
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to  orercome.  I  very  sti-ongly  approve  of  and  recommend  the  simple  and 
expeditious  way  of  discouuectiug  the  paddles,  which  we  had  recourse  to  so 
constantly  during  the  passage." 

The  "  Veruou"  steamed  down  the  river  and  through  the  chan- 
nel to  Portsmouth,  in  the  month  following  alter  the  departure 
of  the  '*  Hardwicke,"  leaving  England  finally  on  the  llHh  September,  1840, 
and  arriving  at  the  Sand-heads  on  Christmas-day,  thereby  gaining  13  days 
upon  her  predecessor. 

The  log  of  the  "  Vernon"  had  not  yet  arrived  when  these  observations  were 
penned,  but  a  letter  from  her  commander,  Captain  Denny,  dated  Calcutta, 
January  16,  1841,  has  been  received,  wherein  he  speaks  in  the  most  favourable 
terms  of  the  effects  of  the  auxiliary  steam  on  board  his  ship,  as  having  enabled 
him  to  gain  six  weeks  upon  several  vessels  which  had  sailed  from  England 
early  in  August.  So  favourably  impressed  was  Captain  Denny  at  the  period 
when  he  wrote  with  the  power  of  auxiliary  steam,  that  he  recommends  it  to  be 
used  to  a  larger  extent  than  that  to  which  it  is  carried  in  the  *' Vernon."  **  The 
advantage,"  he  says,  "  of  having  double  the  steam  power  would  be,  first,  that  it 
would  take  but  little  more  room,  or  no  more  if  occupying  tlie  two  decks,  and 
only  about  half  as  much  more  coals ;  no  more  engineers,  and  it  would  take  you 
more  quickly  through  the  calm  spaces,  and  render  ships  more  independent  of 
steaui-hire  in  going  up  rivers.  The  circumstance  of  getting  more  rapidly 
through  calms  would  reduce  the  expenditure  of  coals  to  our  present  quantity. 
My  passengers  wish  it  much,  and  all  speak  well  of  the  *  Vernon.'  "  The  con* 
sumption  of  fuel  on  board  these  two  vessels  was  90  tons  each  during  the  out- 
ward trip. 
ftMDUorvavmtr.»d  The  "  India"  steam  ship  of  800  tons  burthen^  with  engines 
••ioai-'sw.«, jii|.  of  300  horses-|K)wer,  started  from  Portsmouth  on  the  7th  of 
September,  and  had  not  yet  arrived  when  Captain  Denny's  letter  above 
referred  to  was  despatched  from  Calcutta.  It  is  since  known,  however,  that 
this  vessel  reached  the  Sand-heads  in  one  hundred  and  thirty-two  days.  All 
that  remains  now  to  be  done  in  the  way  of  further  illustration  of  the  views  laid 
down  in  the  preceding  pages  is  to  offer  a  concise  statement  of  the  comparative 
expenses  of  a  vessel  navigated  in  the  manner  described  by  auxiliary  steam,  and 
of  a  vessel  which  like  the  **  India"  depends  wholly  upon  her  engines  for  her 
progress ;  or  if  not  wholly,  is  at  least  constructed  in  sucli  a  manner  that  her 
engines  and  their  appurtenances  and  stock  of  fuel  form  by  far  the  most  im- 
portant item  of  her  contents  and  expenditure. 
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■ 

^^^^B 

tfvSm^rm^jfif^j.     ^^^  expenses  attendant  upon  the  employment  of  auxiliary           | 

^^^^^H 

^Jia^a^i!^    steam  in  the  "  Vernon"  were  as  follows : — 

J 

^^^^^^H 

£. 

#. 

■ 

^^^^^^1 

Interest  of  capital  sunk  in  the  purchase  of  engines,  1800/. 

■ 

^^^^^^^1 

at  5  per  cent.,  4  months    .... 

.     30 

0 

H 

^^^^^^H 

Wear  and  tear  of  ditto  at  10  percent.,  4  months  . 

.     60 

0 

H 

^^^^^^1 

Ninety  tons  of  fuel  at  1/. 

,     90 

0 

■ 

^^^^^H 

Loss  of  stowage-room,  30  horses-engine  at  1  ton  per  horse. 

■ 

^^^^^^^1 

30  tons  at  3^  per  ton         .... 

.     90 

0 

H 

^^^^^^H 

Loss  of  stowage  room  on  90  tons  of  coals  at  3/. 

.  270 

0 

■ 

^^^^^H 

Wages  of  1  engineer  at  10/.  per  month,  4  months. 

.     40 

0 

'     ■ 

■ 

Wages  of  1  stoker  at  5/.  per  month,  4  months 

Total     , 

The  presumed  expenses  attendant  upon  the  '*  India" 

.     90 

0 

'     ■ 

£600 

0 

»     ■ 

for  the  same 

period,           H 

^ 

calculated  at  the  same  rate  of  expenditure  as  the  above,  would  be  as 

follows :—          ^1 

^^^^^B 

£. 

#. 

^M 

^^^^^^^^B* 

Interest  upon  the  cost  of  the  engines,  15,000/.  at  5  per 

^^M 

^^^^^H 

cent.,  for  4  months       ..... 

250 

0 

^H 

^^^^H 

Wear  and  tear,  10  per  cent,  4  months 

500 

0 

^H 

^^^^H 

Coals,  say  55  days  at  25  tons  a-day,  upon  the  sup- 

^H 

^^^^^B 

position  that  she  steamed  half  the  time  occupied 

^^1 

^^^^H 

in  her  passage  :   1375  tons  at  1/.      . 

1,375 

0 

^H 

^^^^H 

Loss  of  stowage  of  engines,  300  liorses,  at  1  ton  per 

^H 

^^^^^1 

horse :  300  tons  at  3/. 

900 

0 

^H 

^^^^H 

Loss  of  stowage  in  fuel :  300  tons  at  3/. 

900 

0 

^H 

^^^^^ 

Wages  of  4  engineers,  averaging  9/.  per  month 

144 

0 

^H 

H 

Wages  of  14  stokers  and  coal-trimmers  at  4/.. 

224 

0 

^H 

£4,293 

0 

^H 

■ 

Deduct  cost  of  auxiliary  steam  in  "Vernon"    . 

600 

0 

^H 

£3,693 

0 

^H 

^^m 

Showing  an  excess  of  that  amount  of  expenditure  above  the  cost  of 

employing          ^M 

^^V 

a  small  steam  power  in  a  vessel,  which  was  thereby  enabled  to  gain 

at  least           H 

^^K 

35  days  over  the  more  costly  apparatus  of  the  "  India." 

I 

L 

These  remarks  and  the  comparison  above  instituted 

are  by  no  means  in-           H 
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tended  to  dispar^e  the  "  India"  or  the  engines  on  board  of  her.  The  apposite- 
ness  of  the  unintentional  rivalry  of  the  two  ships  at  tlie  moment  when  a  new 
and  interesting  experiment  was  in  a  course  of  trial,  has  alone  induced  the 
writer  to  give  the  results  as  above  stated,  merely  with  the  view  of  strengthening 
his  own  arguments  in  support  of  the  system  of  navigation  which  he  is  endea- 
vouring to  introduce.  It  is  satisfactory  to  state  that  other  vessels  engaged  in 
the  Indian  trade  have  been  equipped  with  auxiliary  steam  machinery,  the 
advantages  of  which  are  beginning  to  be  generally  understood. 

In  conclusion  it  may  be  observed  that  in  a  preliminary  essay,  sucli  as  the 
present,  it  was  not  deemed  necessary,  in  order  to  meet  the  views  of  practical 
men,  to  enter  into  any  recondite  calculations  for  the  purpose  of  justifying  the 
opinions  or  elaborating  the  ideas  intimated  above ;  the  writer  preferred 
having  recourse  to  a  plain  statement  of  facts  supported  by  such  examples  as 
the  abundance  of  steam-vessels  of  all  sizes  and  powers  now  afloat  so  amply 
afforded,  a  careful  examination  of  which  will  enable  any  person  to  draw  a  right 
conclusion  for  himself. 

Theoretical  speculations  upon  such  a  subject,  however  suited  to  the 
philosophers  study,  are  of  little  value  to  the  practical  engineer  or  ship- 
builder. To  quote  the  language  of  the  late  revered  president: — "  What  we 
want  for  this  society  is  the  development  of  that  knowledge  which  is  founded 
upon  practical  experience ;"  and  judging  of  tlie  final  success  of  the  experiment 
by  the  results  at  present  obtained,  it  will  probably  be  admitted  that  the  expecta- 
tion is  not  too  sanguine  which  looks  forward  to  the  general  and  speedy  adoption 
of  auxiliary  steam  throughout  the  whole  commercial  navy,  when,  and  when 
only  the  advantages  of  steam  navigation  will  have  received  their  full  and  true 
development. 

SAMUEL  SEAWARD. 
Cuftl  Iron  Works,  LimehouM,  Jiiuiuir>-,  184l> 
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APPENDIX  I. 

SiNCF.  the  foregoing  Memoir  was  written,  the  Enginps  of  ihe  Vcruon  and  the  Hardwicke  hove  been 
removed  from  their  rtspective  ships,  and  thna  the  more  general  application  of  auxiliary  steam  power 
to  sailing  vessels  has  for  the  present  been  suspended ;  a  circumstance  greatly  to  be  regretted,  aa  pre- 
veiiiing  the  more  complete  development  of  u  plan,  judged  to  be  uf  the  highest  imf>ortance  to 
navigation. 

Several  circumatances  conspired  to  cause  the  removal  of  the^e  engines:  the  Hnnlwicke  did  not 
make  a  very  short  voyage,  either  out  or  home,  and  although  the  captain  of  her  admits  that  by  the 
use  of  auxiliary  steam  the  duration  uf  the  voyages  was  considerably  abridged,  yet  l>eiiig  himself  part 
owner  uf  ihe  fhi]),  and  finding  on  liit^  tirrivut  at  Culcuttu,  that  freight  was  at  a  high  rate,  he  calculated 
that  could  he  have  availed  himself  of  the  space  occupied  by  the  engine  and  coals,  his  pecuniary 
advantace  would  tmve  been  greater  than  that  gained  by  the  saving  of  time,  tliruu^h  the  use  of  steam 
power;  he  therefore  availed  Iiiniself  of  an  opportunity  which  uiVcrcd  at  Calcutla,  to  sell  his  engine 
for  the  som  it  had  cost,  and  it  is  now  on  its  way  back  to  India. 

The  Vernon,  on  the  contrary,  made  two  very  short  voyages,  both  out  and  home,  antl  the  interesting 
letters  of  her  commander.  Captain  Denny,  (than  whom  no  one  could  be  more  capable  of  judging  the 
advantages  of  this  new  application  of  steam  power.)  show  how  perfectly  he  was  satisfied  with  it. 
Thievery  success,  however,  has  led  him  to  become  an  lulvocate  for  an  increase  of  power,  from  30  to 
50  horses,  under  the  impression  that  there  would  be  h  proportionate  gain  in  point  of  time,  without 
any  material  increase  in  the  consumption  nf  fuel.  It  was,  however,  determined  that  the  Veroou 
should  proceed  on  her  third  voyage,  without  any  change  of  engine.  About  the  time  she  wm  pre- 
paring to  start,  a  conlmct  was  entered  into  by  Mr.  Green,  (her  owner,)  for  the  immediate  conveyance 
of  1000  soldiers  to  India,  and  the  whole  available  space  in  the  three  ships  he  had  ut  home  being 
required  for  that  purpose,  it  became  necessary  to  take  the  engine  and  machinery  out  of  the  Vernon 
which  was  one  of  them,  and  she  sailed  from  Gravesend  in  August  last,  with  300  soldiers  on  board. 

It  rarely  hap]>ens  that  an  invention  or  a  novel  application  of  a  system  presents  pecuniary  advan- 
tage on  its  5rat  essay,  but  iiutwiCliKtuading  the  circumstance  of  the  engines  being  taken  out  of  these 
■hips,  before  the  benefits  which  it  is  coniideutly  believed  must  result  from  the  adoption  of  auxiliary 
steam  power  couhl  be  fully  demonstrated,  still  much  has  been  effected.  The  success  of  the  Vernon 
on  both  her  voyages  must  be  neurly  conclusive  us  regards  the  advantages  of  the  plan,  of  which  her 
owner  is  so  fully  impressed,  that  fur  from  Qbaudoning  it,  he  is  preparing  to  adopt  it,  still  more  exten- 
sively, in  the  sliip?  he  is  at  the  present  moment  constructing  for  the  East  India  trade.  The  prejudices 
of  seamen  are  almost  proverbial,  so  that  some  opposition  was  to  be  expected  from  them,  not  only 
from  the  novelty  of  the  system,  but  that  it  added  somewhat  to  their  Intiour,  as  they  were  occasionally 
called  upon  lo  hoist  up  cuqU  from  the  hold,  as  well  as  to  aid  the  stokers;  occupations  which 
thev  were  both  unused  to,  and  averse  from  :  neither  had  they  any  interest  in  diminishing  the 
duration  of  the  voyage,  as  the  amount  of  their  wages  was  curtailed  by  the  numl>cr  of  days  gained. 
The  officers,  too,  were  somewhat  opposed  to  the  plan,  trom  their  ignorance  of  the  nature  of  the 
machinery,  and  that  it  occupied  some  of  the  space  which  might  have  been  devoted  to  increasing  the 
comfort  of  their  cabins  ;  the  commander  and  the  passengers,  on  the  contrary,  fully  appreciated  all  the 
advantages  of  the  system,  as  is  evident  by  the  letter  nddrcst^ed  to  Captain  Denny  by  the  passengen, 
and  which  letter  appe'ired  in  the  public  prints  of  the  day. 

It  is  certain  that  further  essays  will  be  made,  and  if  they  shall  be  aided  by  the  rommander  of  the 
■hip,  whose  personal  interests  ought  not  to  be  injured  by  the  plan,  the  ship  owner  will  soon  see  the 
oiWantages  nf  it,  and  gladly  avail  him?elf  of  a  plan  by  which  a  long  seu  voyage  may  be  considerably 
diminished,  and  the  comfort  of  the  passengers  promoted,  with  increased  safety  to  the  cargo.  It  it, 
theretore,  confidently  hoped  that  the  opplicatiou  of  auxiliary  steam  to  sailing  vessels  will  speedily  be 
more  perfectly  developed  to  the  advtmtage  of  marine  euterprise. 

Canal  Iron  Works,  Limehouse,  November  lO,  1841.  SAMUEL  SEAWARD. 
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APPENDIX  II. 

^ujciliaty  Steam  to  Veititela  of  JVnt. 

The  previous  description  of  auxilizry  steam  refers  only  to  raerchaot  vcasela.  But  it  must  be  ob- 
vious to  all  naval  and  scientific  men,  that  it  is  equally  applicable  to  vessels  of  war;  in  fact,  this  has 
always  been  one  of  the  favourite  objects  of  the  writer  of  the  precctling  essay,  as  he  feels  confidcnl 
that  the  time  is  not  far  distant  when  no  British  line-of-battle  ship  will  be  considered  completely 
equipped  without  this  useful  auitiliary ;  from  their  size,  and  from  the  fact  of  their  carrying  no 
cargo  in  the  hold,  more  am]>le  space  for  placing  the  machinery  and  stowage  of  the  fuel  is  to  be  found 
on  board  tbese  ships  than  on  board  merchant  vessels,  added  to  which,  from  the  superiority  of  their 
forma  for  sailing,  a  less  proportionate  power  will  produce  the  velocity  required. 

There  can  !>e  little  doubt  that  in  all  the  operations  of  a  naval  ciigaj^ement,  the  possession  of  a 
locomotive  power,  by  which  a  line-of-battle  ship  could  move  tour  or  five  knots  per  hour  in  a  calm, 
would  give  her  an  immense  advantage  over  her  npponenia ;  and,  it  should  be  borne  in  mind  that 
most  of  our  great  naval  engagements  have  been  fought  in  a  calm,  or  with  such  a  light  breeze  that 
the  6ring  of  the  guoa  caused  such  a  stillness  in  the  air  as  to  leave  the  ships  nearly  helpless ;  it  is 
then  that  they  foul  one  another  and  get  into  confusion,  and,  as  the  smoke  of  the  firing  occasionally 
lubftides,  it  is  not  unusual  to  find  that  they  have  been  firing  into  ships  belonging  to  their  own  flag 
iuatead  of  those  of  the  enemy ;  it  is  at  such  times  that  the  full  value  of  auxiliary  steam  would 
be  duly  appreciated;  ships  baring  steam  power  would  then  take  up  a  position  by  which  all  or 
most  of  the  fire  of  the  enemy  would  be  lont  or  unneccassrily  expended,  whilst  they  would  continue 
to  rake  the  enemy  till  the  decks  would  be  completely  stripped  of  ever)*  living  soul ;  the  heaviest 
three-decker  could  not  witlietand  the  well-directed  fire  of  a  14'gun  ship,  supposing  the  latter  to  be 
able  to  choose  her  own  pusitiun. 

The  noble  class  of  fhips  now  introduced  into  our  Nary  by  that  talented  constructor  Sir  William 
Symonds,  affords  a  most  favourable  opportunity  of  trying  auxiliary  power :  their  beautiful  lines,  thdr 
seagoing  qualities,  and  great  speed  under  canvass  aflunl  the  best  assurance  that  a  very  small  power 
would  be  sufficient  to  propel  them  at  the  rate  required  ;  ample  room  can  also  be  found  on  board  these 
ships  to  place  the  neceaeary  power,  without  interfering  with  a  single  gun  or  any  of  the  usual  stowage 
for  ammunition. 

Keeling  impressed  with  the  ailvantage  which  auxiliary  steam  would  give  to  our  frigates  and  line-of- 
batilc  »«hip»  a  letter  was  addressed  by  the  Messrs.  Seaward  to  Sir  William  Symonds,  the  Surveyor 
of  the  Navy,  ujwn  the  subject  lu  the  month  of  October,  ia39,  and  by  him  it  was  strongly  rocom- 
meuded  to  the  notice  of  the  Lords  of  the  Admiralty ;  the  subject  was  by  them  most  favourably  re- 
ceived :  but  as  their  Lordships  at  that  time  had  already  commenced  building  the  formidable  flt-et  of 
war  steamers  now  nearly  completed,  and  as  there  was  no  immediate  apprehension  of  a  war,  the 
project  remains  in  abeyance. 

In  that  letter  it  was  proposed  to  equip  the  "  Vanguard,"  80-gun  ship,  with  an  engine  of  60  horses- 
power,  the  engine  to  be  so  arranged  that  it  could  also  work  the  pumps  in  the  event  of  a  considerable 
leak,  as  well  as  be  used  for  heaving  up  the  anchor. 

The  drawings  sent  with  the  letter  showed  the  "  Vanguard  "  in  section,  with  the  space  on  the  lower 
deck  occupied  by  the  engine,  the  paddle-wheels,  boiler,  &c  ;  and  the  area  required  was  exactly 
the  size  of  the  sail-room,  and  in  the  same  position,  so  that  the  most  vulnerable  portions  of  the  engine 
and  boiler  were  under  the  water-line. 


SAMUEL  SEAWARD. 


Canal  Iron  Works,  Limehouse,  June  30,  1841. 
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SEAWARD  ON  THE  ADAPTATION                                  ^^^^^^^^^^^H 

Lo*7  of  the  "  ^or/  o/"  Hardmcke  "  Indiaman,                            ^^^^^^B 

VOYARK 

of  the  Ship  **  Earl 

OF  Hardwickk  •*  from  London  to  Calcutta,  with  Auxiliary  Steam. 

1940. 

Utlhtd*. 

Lunfitudn. 

littlnnce 

lluun 

Sie4.inlii|{. 

IXstaoce 

Sloamed. 

Wind*. 

RsBuika.  See. 

Nortii. 

0           ' 

Wfrt. 

Augufit    23 

4S    6& 

S    31 

Beckoned 

from  noon 

to  noon. 

R^i-koned 

from  noon 

to  noon. 

Reckoned 

From  noon 
to  noon. 

N.W. 

On  Thnnday,  20th  Au^rt,  niled  from  St.  Hrlen'a 
Bonds,  with  a  light  wc«tcrlj  wind ;  beal  down  Chan- 
nel, and  on  Sunday  mominf^,  the  23rd,  took  otu 
departure  from  tin-  Llsarxl,  at  noon,  hililudL*  atul 
longitude  OB  per  margin;  the  wind  declining  to  a 
calni,   attempted   to  atcun   but  found  th?  <m^ine 
would  not  work ;  emplojrad  oir«rfaaulhif  It,  re-ttuffed 
the  air-pump  bucket,  and  ai  10.30  l)egaa  BteaminK ; 
m&de  14  ittuIuUods  per  minute,  sod  propelled  vam 

1 

Calm. 

ship  Uiree  knoU  per  hour. 

j 

M      24 

48    01 

6     13 

Bl 

13^ 

47 

S.E. 

Ltffht  aim  from  S.E.  continued ;  ateaming  increaaad 
to  10  rcrolutions. 

„       26 

4»    37 

7    00 

100 

34 

60 

N.W. 

A.M.  Light  breeiei  at  noon;  fotmd  from  the  motx 
accurate   eatim&tti   the  cn^aue  to   have  propelled  the 
Rhip  BO  miles  in  24  houn.    Ttie  foUowmg  appears  at 
preicnt  an  aocurate   vatimula   of  ib*   power : — In  m 
calm   with  smooth   wnter,   it  will  move  thp   nhip  4 
knots ;  as  the  ship  gathers  way  fVom  a  brectc  the 
engine's  propeUing  power  decreaaet  in  proportioa: 
^vhen  tlie  Rliip  will  sail  S  knula  with  canTaaa,  the 
enrine  will  increase  her  rate  to  7  knots,  and  when 
aailing  close  hauled,  the  engine  makes  the  khfp  hold 

1 

1 

a  much  better  wind. 

' 

Noon.   Light  breezes  from  northward,  the  ship  sail- 

ing 0  knots  ;  let  olTthe  elcani,  and  discoontcted  the 

S.E- 

paddles.     Sunset,  inclining  to  calm.     At  H,  the  ship 
sailing  only  1  knot,  began  steaming,  and  went  4  and 
S  knots,  making  16  to  18  reToIutioni.     Light  airv. 
It)  revolaUons.     Noon,  an  increasing  hreeie:   in  di>- 
connecting  the  engine,  strained  the  starboard  radius 
and  side  rods  after  the  larboard  were  disconnected 

to 

fn>m  (lift  aliip,   having  too  much  way ;  if  the  ship  is 
going  fast,  it  is  necessary  to  heave-lo  to  disconnect, 
which  is  done  In  a  few  minutes. 

,,       2fl 

45     11 

8     37 

99 

1H 

52 

E. 

P.M.  Steady  breeies,  and  cloudy;  lightning  to  the 
southward :   barometer  steady    30,   18,      It   is  re- 
markable that  w«  should  have  had  53  hours'  cahna, 
and  Rteamed  159  miles  across  the  Bay  of  Biscay. 

.>       27 

42     50 

11     43 

200 

E.to 

Steady  breexes  and  cloudy.     Engineer  repairing  the 
radim  and  side  rods  ;  cleaned  the  engine  tnrougDoat. 

N.N.E. 

„     w 

40     M 

13     17 

133 

" 

•• 

N.E. 

Steady  breetea  and  cloudy :  under  all  talL    Suniet*  a 
decreasing  brese. 

.,       28 

39    38 

14     12 

91 

H 

18 

N.E. 

Light  breeus  and  cloudy,  with  light  sboivera  ;  showed 
colours  to  a  Une-of- battle  ahip  with  a  rear-admiral 
of  the  red  flag,  supposed  the  "Donegal."      Noon, 
light   airs,   nearly   calm ;    sailing  1  knot.     At  13JK> 

from  N.E.  dtaconuected.    N.B.  Blew  off  generally 

'^^^^^H 

Calm. 

every  two  houn,  or  whenever  the  "  Saline  Detector," 

a  Terj'  useful  inatmment,  indicated  it  was  accessary. 

».       30 

37     ft» 

15     10 

in 

•  > 

>• 

N.E. 

Moderate  and  fine  under  all  sail. 

j 

^H 

,,       31 

30    38 

Ifl    30 

ISO 

•  • 

•  • 

N.E. 

Unsteady  broetea  and  fine  weather. 

1 

&«pt    I 

3»    01 
Curiod 

17     16 
fonrard  . 

It>3 

•  • 

• « 

N.E. 

A.M.  Steady  breexes  and  fine  weather     Noon,  saw 
Madeira  S.  J  W.  4  leagues  the  West  Point.     PasKd 
it  and  caught  the  N.E.  trade. 

1 

i 

U08 

&H 

177 
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VoTAQB  of  the  Ship  "  Eabl  of  Hardwickb  "^-continued. 


1840. 


Sept.   7 


M        9 


>>     10 


,,     U 


LtfJtvde. 


,.     12 


,,     13 


M      U 


f,    15 


,.    M 


Broufl;ht  fo 
North. 

Q  • 

18     62 


12    44 


10     51 


10     22  21     58 


LoDijItDdak 


0     09 


7    37 


5    3«) 


South. 
18     fie 


Carried  fo 


rward .      , 

O  ' 

31     20 


21     44 


Wbok 
DfHanoa 

Silled. 


1108 


883 


134 


22    00  lis 


20    55 


19     12 


17     30 


17     14 


Rom 


5H 


10 


u> 


32 


101 


m 


ifli 


20fi2 


nrnd. 


wm 


H 


10 


24 


LhflUMe 

Steuied. 


30 


35 


H 


154 


182 


25 


50 


WtB<U. 


N.E. 


Calm. 


E.N.E. 


N.E. 
Calm. 


North. 

£a«t. 

S.8.E. 


N.E. 
Eaiit. 

Calm. 
S.8.E. 


30 


Calm. 


S.W. 


8.W.W. 
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Rnaarlu,  ke. 


The  N.E.  trade,  which  eommenoed  with  a  fine  fresh 
hreesct  noon  berame  light  and  unitcady  ;  continued 
runiiiug  with  it  under  all  vail  UDtil  the  raorultig  of 
the  7th  iitstant,  when  it  appeared  decreaiiug  towurda 
a  calm.  At  0  km.  com  me  Deed  steuiiiimc ;  made  17 
reTolutiuDB.  Noua  calm  ;  [Kisitiuu  in  the  maijpa  ; 
Ihe  engine  propellistg  the  ship  4^  koota  in  a  perfect 
calm. 

A.M.  Light  easterl;  ain  ani)  calmi*  making  17  to  30 
rcTolutioni. 

KM.  Light  airv  and  calms,  a  iwelt  checking  the 
engine's  power.  Sunset,  a  breexe  ^m  N.W.  In- 
creavingi  diaconnect«d,  and  left  olf  steam. 

A.M.  Moderate  breciea  and  fine  clear  weather. 
Noon,  ditto,  o  southerly  swcU ;  8  r.M.,  incliolng  to 
calm :  commenced  ateamiog,  IS  rerolutloni,  light 
N.W.  ain  aaaiftiug. 

A.B1.  Light  airs  and  calms,  with  a  ■ontherl;  swell ; 
engine  making  16  to  19  reTOlutlons.  At  6.20  a  breexe 
from  eait ;  diuonnected  and  eased  the  fires.  Noon, 
light  breexea  from  the  southward',  and  cloudy.  At  H 
began  steaming.  At  9  a  heary  squall  from  S.E.  short 
(Mil,  hove-to,  and  diiconnecicd  ;  nuried  away  the 
for«-iheet,  which  got  foul  of  the  paddlea.  Cnder 
double  reeft ;  freah  breraea. 

A.M.  Fresh  breetesnud  cloudy,  with  rain  and  siiualls. 
At  (i,  mndernte,  oil  Hail  set.  At  9.30  light  breezes  ; 
began  steaming.  Noon,  calm*  a  confused  southerly 
swell  checking  the  engine's  power,  making  onJy  13 
rovulutiuns,  aad  prupciliDg  the  ship  2^^  knot«  per  hour 
s^iut  Che  swell.  r.M.  Sharp  squalls,  6.30,  hove 
to  and  disconnected. 

Light  aire  and  aqiially  ;  a  heary  aoutberly  swell.  At 
iri.3il  began  steiuning.  Noon,  squally  with  raiot 
ibc  ship  running  H4  knots;  the  engine  making  21 
revolutiona.  Sunset  more  steady;  settled  looking 
weather,  and  moderate  breeaes,  buta  heavy  sootherly 
swell. 

Light  steady  brettea  from  6.W.,  ship  close  hauled, 
engine  asvistiog  and  making  16  to  IH  revolutioiu. 
Noon  modcrute  nnd  fine ;  observed  two  of  the  lee 
paddles  broken  at  the  outer  arm.  P.M.,  moderate 
oreexes,  varj'ing  iu  strvngtb,  nnd  cloudj  :  the  onglno 
making  from  18  to  22  refolutions,  and  Jerking  with 
an  uncren  motion,  on  account  of  the  two  broken 
paddles  and  the  swell. 

A.M.  Squally,  with  raiu,  the  ship  running  8kaot&  At 
3.30  hove-to,  diaconiiected,  and  let  off  tlie  steam. 
Noon,  squalty,  with  showers;  unshipped  half  the 
paddles.     Stesidy  brceaes,  all  sail  set 

From  15th  to  the  23nd  September,  enooimtered  S.S.W. 
and  Houlherly  winds.  Crossed  the  Line  on  the  latter 
day  in  long.  12"  W.,  when  the  eootherly  windfi  had 
gradually  hauled  round  to  the  S.E.  trade,  which 
proved  a  moderate  one,  and  set  the  ship  to  only 
1K°44' W.  long.  Ou2inh  September,  at  noon,  tf 
the  place  noted  iu  the  margin,  towards  evening,  llie 
wind,  which  was  from  N .  E.,  had  grad  ually  decreased, 
inclining  to  calm.  At  11.30  begau  steiunlug,  and 
8te«red  S.  by  E. 


N.W. 

8.E. 
Eiutcrty. 


N.E. 
8.K. 


Calm. 


A.Mm  ligbl  ain  ;  a.  heftvy  twell  on  the  beun.  At  2  ■ 
perfect  ctlai,  engine  tuakin^  17  rt>To]utioii»,  ftnd  pro- 

SeUin^   the  iihip  3^  knolfl,    the  shiit   rollinfjf   deep. 
loon,  K  breexe,  incrcuiing  fram  northward  uid  clear. 
1  r.M,  dixcoanocted,  and  going  6  kooU. 

Unsteady,  vuriable ;  contrary'  wtitdi  prerailed  until  the 
lOtli  October,  during  oo  period  of  which  steam  could 
be  uft«d.  Nooo,  at  tlie  plnce  noted  in  the  inargiu 
P.M.,  light  aim,  dacUoing  to  a  calm.  At  6,  hegtn 
■teaming,  a  heavy  Rweli  on  the  ■larboard  beam, 
making  the  thip  roll  deep,  the  paddles  altematel; 
)[uiuen*cd  tad  out  of  tltf  water,  making  15  revo- 
luLiona,  and  proprUing  ibc  ship  34  knota.  At  8,  ■ 
light  air  from  the  southward,  furled  all  «nils,  and 
continued  to  steam  2}  knots,  with  15  rcYolutiana. 

AJI.,  calm  and  fine  weather ;  a  twell  on  the  be&m  a* 
before  ;  steaming  'Z^  knots.  Noon,  csitiit&ud  variable 
aim ;  ail  ulil.  At  6  P.M.  calm  ;  furled  all  taila. 
d.30,  a  breeze  from  the  eaat,  disconnected  and  made 

eaU. 

A.M.,  light  breezet  from  the  eaatwaid  decreasing. 
At  4,  began  steaming.  At  I}. 30,  a  li^ht  brecsn,  dlacoa- 
uected.  P.M.,  derrcasing  breezes.  At  ll.20,b«gan 
steaming ;  a  swell  on  the  beam  ai  before. 

A.M.  Light  airs  and  cloudjr,  17  revolutions.  At  6.30. 
a  light  breeze  from  north  inereasing,  disconnected. 
Noon,  a  steady  brceio,  and  cloudy,  with  rain. 
Having  now  rvacliuil  those  high  touthem  latiludM 
where  calms  are  unaaual,  unshipped  the  whole  of  the 
paddles  and  the  funneL 

From  the  I3th  October,  cmploye<l  running  to  the  east- 
ward,  but  found  winds  more  uufa«  ourable  tliaa  gme* 
rally  prevail  in  the  parallels  of  »8  and  40  degrees 
south  latitude;  after  which  Bteercd  to  the  nurthward 
to  reach  the  B.£.  trade,  on  tlie  10th  of  November, 
position  in  the  margin,  where  calms  are  occasiouallj 
encouuten.>d>  having  iu  the  interval  repacked  the  cy- 
linders, cleaned  the  boilers  throughout,  and  over- 
hauled the  engine ;  shipped  the  funnel  and  upper 
paddles  to  be  in  readiness.  P.M.,  the  breesc  o*- 
creasing  and  inclining  tocmloi.  Attl.30,  commenoBd 
steaming,  a  light  air  from  N.W.  Enpne  making  14 
revolutions,  and  propelling  the  ship  2^  knots,  snd 
2|,  furled  oil  stuls,  and  steexed  N.N.£.  A  westerly 
■well  making  the  ship  rolL 

A.M.,  light  oira  continuing  from  the  northward;  14 
and  15  revolutions,  2^  knots.  At  6,  a  breeze  ^m 
N.E.  made  aM  sail,  and  steered  N.N.W.,  and  kept 
the  engine  going,  increased  to  4^  knots.  P.m. 
Light  alts  and  calms,  a  westerly  swell  coutinoin^ 
At  10,  air  increiuing,  breetc  from  S.E.  disconnected 
and  left  otT  the  ateam,  having  caught  the  8.B.  tnde. 

A.M.  Unsteady  hreeies  from  past  and  cloiidy.  At 
daylight  unitbtpped  half  the  paddies.  Noon,  sle«dy 
breeces  snd  fine  weather. 

Prom  the  l?th  to  the  23rd  Instant,  not  having  iralms, 
tlie  engine  was  not  required  at  noon,  the  ship's  poai> 
tion  m  t)ic  margin.  P.M.  Light  breeses  dfcressing : 
employed  getting  the  engine  ready,  the  ship  having 
lightened  considerably,  drawing  about  Ifl^  bodilyi 
let  uui  the  rrefa  of  the  paddle*.  BUd.  calni,  oon>* 
menred  steaming. 
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VoTACE  of  the  Ship  "Earl  of  Hardwickk  " — continued. 
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Light  aire  from  N.E.N.  and  tloudy  wparher.  Stwnd 
N.W.  by  N.,ruiutautshcE'lligbtitin^;  pngitiv  makinff 
14  tu  17  roToluUoiu,  and  propcUiiitf  the  Bhiji  Sand 
3^  Itimu.  P.M.,  Ligbt  Tari»blc  ain  altered  tbc 
cuune  Dccaaionally,  to  bencKt  by  Uie  ligbt  ain  Id 
■teering  to  tb«  north wani,  an*]  kept  the  eugiue  going. 
At  H,wc«t  brceics  ajid  cloudy. 

A  M.  Squally  witb  nin,  the  fi;ed-pi|>e  haring  broke 
bad  bccu  parcelled,  but  being  leaky,  did  not  vupply 
UiR  boiler  sufficiently.  No  ateam  generatcdf  djj»- 
eotinectcd  lo  repair  it,  and  re&llMl  the  boiler  with 
the  farce-pump,  the  bot  well  became  tou  hot  to  con- 
denae  ;  took  off  the  apron,  and  employed  cooling  it 
with  cold  water.  At  7,  i:oaiuietiEKil  Kteaoung.  At  10, 
a  light  breete  ahead,  furled  tnilii;  the  ougine  making 
14  and  16  rcTolutiona,  and  propelling  the  ahip  only  1  j. 
At  1 1,  the  fecH-pipe  again  leaky ;  stopped  the  eagine 
to  n<pair.  Noon  calm,  the  pipe  being  repaired  at 
12U)0  bej^&n  Ucaming.  At  1,  a  ligbt  lir  from  wpbI. 
wnrd.  nmdc  nil  nail,  16  rcvolutioua.  Midnight,  Ught 
Tariable  aira  wlih  rain. 

A.M.  Ligbt  hreeiea  from  tlie  eMlward  increaalng.  At 
0  hove  lo,  dlHcoanectad  and  unshipped  half  the 
pnddlea. 

Mom. — At  the  engine  bad  propelled  tbo  ship  more 
slowly  lli'ju  before,  aupposud  the  paddlei  to  be  too 
deep;  reefeil  tliein  aa  boforc ;  engineer  repairing  the 
ft'vil-pipf.  Noon,  light  breesee  from  the  eaatward  ; 
saw  the  Orpat  Ntcobar,  cant  10  leagues.  P.M., 
moderuto  breexei  from  eaatward, and  pawiiig  tbowera. 

From  the  26th  NoTembcr  lo  the  4lh  December,  en- 
countered the  uHual  N.E.  nion»oon  wind,  which  had 
■et  in  steadily.  At  noon,  lititude  ami  longitude  at 
per  margiu.  PJU.,  steady  light  breexe  from  N.E. 
decrease.  Sun"Ht.  light  hr«'<*t«?  declining.  At  11, 
■hip  going  only  1  knot,  began  steaming,  and  Increased 
her  rote  to  3,  4,  and  S  kuots;  a  light  air  aasisting. 

A.M.  Light  airs  from  N.E.,  engine  making  16  rero- 
lutiona.  At  H,  light  breeiea^  stopped  tho  engine,  and 
fniind  the  ship  sail  31  knots.  Gave  her  the  steam, 
and  found  it  increased  her  rate  to  &^  knot«.  Noon, 
light  breeteaaud  fine  clear  weather,  malung  16  to  21 
revolulious  \  a  ligbt  brecu  assisting. 

A.M.  Tiight  breeiM  and  fine  clear  weather;  wind 
raryiiig  from  N.E.  by  E.  to  N.  by  E.,  employed 
working  to  the  northward,  aiuiisled  by  the  engine. 
N'oon,  light  breezes  from  N.N.E.  diHconncctcd, 
P3L.,  the  wind  decrcailng,  recommenced  tieoming. 

A.M.,  ligbt  brerses  from  N.E.  by  N.,  all  tail  set, 
Bteaining  with  full  power,  and  making  30  revolutions. 
At  8>  the  wind  more  northerly,  disconnected,  having 
very  few  coals  remaining.  P.M..  light  aira  from 
N^*E.i  employed  turning  to  windward. 

A.M.,  moderate  brecxesfrom  N.N.E.  At  2,  saw  the 
pilot  TcastiL  At  H.  Mr.  Cooper,  mailer  pilot,  came 
on  hoard,  and  took  charge  uf  the  ship.  At  9.30, 
come  to  near  the  Huogly  Light  to  slop  tide. 
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APPENDIX  IV. 


TaR  accompanying  Table  of  the  Velocity  of  Steam  Ships  with  Engines  of  variona  Powers  is  the  renuU 
of  numerous  experiments  with  steam  vessels  ranging  from  the  burtben  of  one  thousand  tons,  dawn 
to  that  of  sixty  tons,  under  different  circumstances  of  draught  of  water ;  bat  invariably  in  calm 
smooth  water  without  cither  current  or  tide. 

This  Table  fully  currolwrates  the  facts  contained  in  the  memoir,  and  the  deductions  drawn  from 
them,  while  it  is  evidence  of  the  small  power  requisite  to  propel  a  vessel  of  considerable  magnitude 
at  a  moderate  speed  :  it  also  sltows  that  to  gain  a  velocity  which  slmll  exceed  ten  miles  per  hour,  it 
becomes  necessary  to  augment  the  power  of  the  engine  in  an  immense  degree. 

The  Table  terminates  in  all  cases  with  the  velocity  of  13  knots,  equal  to  15  statute  miles  i)cr  hour : 
this  speed  has  not  hitherto  been  exceeded,  while  in  order  to  arrive  at  it,  the  whole  tonnage  of  the 
vessel  is  occupied  by  the  engine,  leaving  no  room  for  cargo,  and  only  space  for  the  fuel  necessary  fur 
about  two  daya*  consumption. 

This  immense  speed  has  been  attained  by  two  or  three  veBsets  only,  and  it  has  been  arrived  at  by 
adapting  the  vessel  for  speed  alone — making  every  other  quality  of  the  ship  subservient  to  this  one 
object.  The  vessels  running  on  the  Thames  arc  known  to  be  the  fastest  in  the  kingdom  :  the  moat 
celebrated  among  them  are  the  "  Ruby,"  "  Railway,"  "  Blackwall,"  «  Brunswick,"  and  "  Edipse," 
ihc  whole  of  which  were  built  and  had  their  engines  constructed  and  fitted  in  Loudon. 

S.  S. 
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XVIII. — 'On  the  Percussive  or  Instantaneous  Action  of  Steam  and  other 

Aeriform  Fluids. 

By  JOSIAH  PARKES.  M.  Inau  C.  E. 
Read  May  25,  1841. 

In  my  last  communication,  "  On  the  Action  of  Steam  in  Cornisli  Single 
Pumping  Engines,"  it  was  shown,  by  the  analysis  of  tliree  examples,  that  the 
simple  elastic  force  exerted  throughout  tiie  stroke — as  ascertained  by  tlie  ratio 
of  the  volumes  of  water,  and  steam  consumed — was  insufficient  to  overcome  the 
op}}osed  resistance.  Tlie  appearance  of  this  deficiency  of  power,  on  the  pre- 
ceding well  known,  and  usual  manner  of  estimating  it.  led  me  to  an  examina- 
tion of  the  particular  circumstances  under  which  the  steam  is  employed  in 
those  engines ;  and  I  came  to  the  conclusion  that  though  steam,  in  a  state  of 
qoiescence,  or  of  equilibrium  with  surroimding  matter,  possesses  only  a  certain 
pressure  at  given  densities,  it  will  produce,  under  the  conditions  of  its  appli- 
cation, in  such  engines,  a  peculiar  and  specific  action — independent  of  that 
due  to  its  simple  clastic  force — which  action  being  imparted  to  the  piston,  the 
effect  will  necessarily  be  exhibited  in  the  final  result.  This  action  I  then  deno- 
minated tlie  steam's  percussive  or  instantaneous  force,  as  contradistinguished 
from  the  exertion  of  its  simple  elastic  continuous  force  (see  ante  p.  268) ;  under 
the  impression  that  the  term  percussion  would  convey  to  practical  men  a 
definite  idea  of  tlie  instantaneous  force  to  which  the  piston  would  be  subjected, 
on  the  sudden  opening  of  tlie  communication  between  the  boiler  and  the 
cylinder. 

For  proofs  of  such  a  force  having  operated,  I  then  relied  upon,  and  cited 
various  phenomena  attendant  on  the  working  of  the  engines;  considering  that 
the  substantiation  of  the  views  advanced  should  rather  depend  on  facts  disclosed 
by  such  phenomena,  than  be  derived  from  any  extraneous  data,  or  phenomena, 
however  close  the  analogies  might  be.  If  reasoning  alone  could  have  been  deemed 
sufficient  to  establish  the  soundness  of  these  views,  I  might  Jiave  relied  upon 
the  general  law  of  physics,  that  all  matter,  in  motion,  whether  solid,  liquid,  or 
aeriform,  has  a  specific  momentum ;  deducing,  thence,  that  a  body  at  rest, 
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like  the  piston  of  an  engine  wluch  opposes  the  motion  of  the  aeriform  fluid  steam, 
must  be  stiuck  by  a  force,  identical,  in  nature,  with  that  denominated  percussion, 
when  communicated  by  liquids  or  solids ;  also,  that  the  eflect  of  impact  by 
one  body  ou  another,  must  vary  only  in  degree,  not  in  character;  and,  then,  it 
might  have  been  concciled  to  me  to  attribute  to  this  action  a  share  in  the  efiects 
obtained  by  a  Cornish  engine. 

But  this  mode  of  disposing  of  the  subject  would  not  have  been  satisfactory 
either  to  other  engineers  or  to  myself.  Neither  the  fact,  nor  the  amount 
of  the  deficiency  of  the  steam's  simple  elastic  force,  compared  with  the 
resistance,  were  previously  established.  The  extent  of  the  steam's  expansive 
action — its  elasticity  at  tlie  tennination  of  the  stroke,  relatively  to  the 
load  of  water,  and  to  the  absolute  resistance — as  well  as  other  important 
practical  questions — required  explanation.  All  these  questions  were  involved 
in  the  general  one  of  the  steam's  action  in  a  ComiHh  engine.  In  default 
of  positive  experimental  determinations,  I  ventured  to  assume  that  the  appa- 
rent deficiency  of  the  steam's  simple  elastic  force  might  be  compensated  by 
the  force  of  percussion ;  thus,  the  former  amount  was  used,  as  the  measure  of 
the  latter,  in  the  analysis.  I  considered  that  I  was  not  departing  from  the 
strict  rules  of  jjhilosophical  reasoning,  by  applying  this  single  deduction  ;  being 
unable  to  discover  any  other  source,  whence  the  deficiency  of  power  could  be 
supplied  ;  and  being  of  opinion  tliat  tlic  steam's  percussive  or  instantaneous 
action  was  equivalent  to  the  effect  then  assigned  to  it.  It  must  be  remembered 
that  tlie  elastic  force  of  the  steam,  as  detennined  by  the  method  of  volumes 
— that  the  continuous  action  due  to  that  elastic  force,  during  the  steam's  con- 
tact with  the  piston — that  the  force  of  the  resistance  opposed  throughout  the 
stroke — are  ascertained  with  sufficient  precision;  and  that,  in  the  absence  of 
all  other  explanations  of  the  means  by  which  a  portion  of  such  resistance  may 
be  overcome,  any  cause  which  lias  a  real  existence  may  be  considered  to  be  a 
true  cause.  That  such  a  cause  does  exist^whatever  may  be  the  amount  to  be 
referred  to  it — will,  I  think,  appear  from  the  facts  which  it  is  my  present  object 
to  lay  before  the  Institution,  in  furtlier  corroboration  of  the  opinions  previously 
advanced.  These  facts  are  derived  from  a  number  of  experiments,  which  show, 
in  the  most  direct  manner,  the  existence  and  great  effect  of  percussive  or  in- 
stantaneous action  in  steam  ;  and  furnish  an  approximation  towards  an  estimate 
of  its  amount  at  given  elasticities.  I  sliall  also  adduce  some  phenomena  of 
the  same  nature  from  other  aeriform  fluids.     [Note  A.] 


OF  STEAM  AND  OTHER  AERIFORM  FLUIDS. 


411 


it*  I 


Inilicsur. 


The  results  to  which  I  shall  first  allude  were  obtained  while 
engaged,  professionnlly,  in  testing  with  the  indicator  the  power 
of  diiFerent  engines.  The  diagram  drawn  by  this  instrument  will,  under 
certain  conditions  of  structure,  and  use,  affonl  tolerably  correct  transcripts  of 
the  steam's  method  of  action,  and  of  its  force  upon  the  piston  of  an  engine. 
Forty-one  diagrams  were  taken  from  four  engines  by  dificrent  indicators;  tliey 
supply  examples  of  the  steam's  percussive  or  instantaneous  action,  through  a 
range  of  absolute  pressures  varying  between  6*5  lbs.  and  34'7  lbs.  per  square 
inch. 

These  diagrams  manifest  that,  in  every  instance,  the  indicator  piston  was 
driven  upwards,  higher  than  tlie  steam's  simple  elastic  force  could  have  raised 
it.  In  many  instances,  a  pressure  is  marked,  greater  than  that  which  existed 
in  the  boiler;  though,  in  every  case,  the  action  of  the  governor  on  the  throttle 
valve  caused  the  steam's  elasticity  in  the  cylinder  to  be  considerably  less  than 
that  in  the  boiler.  When  the  steam  valve,  or  the  indicator  cock  is  very  sud- 
denly opened,  at  high  pressures,  the  motion  of  the  indicator  piston  is  so  in- 
stantaneous, and  its  ascent  so  rapid,  as  scarcely  to  be  followed  by  the  eye;  but, 
the  pencil  transcribes  the  effect  on  the  diagram,  and  if  the  finger  be  held  within 
the  range  of  the  extremity  of  the  piston  rod,  above  the  true  height  to  which  the 
steam's  simple  pressure  would  raise  it,  it  is  powerfully  struck.  This  pheno- 
menon has  occurred  in  all  these  instances  during  the  regular  working  of  the  en- 
gines ;  that  is,  on  each  fresh  admission  of  steam ;  and  it  takes  place  to  a  dimi- 
nished extent,  the  more  gradually  the  steam  is  admitted.     [Note  B.] 

I  had  an  opportunity,  whilst  conducting  some  experiments  on 
the  newly  invented  Disc  engine,  of  ascertaining  on  a  cistern 
gauge,  the  height  to  which  mercury  would  be  raised  in  a  glass  tube,  by  sud- 
denly letting  the  full  pressure  of  the  steam  in  the  boiler  upon  the  surface  of 
the  mercury  in  the  cistern.  The  pipe  and  cock  connecting  the  boiler  with  the 
gauge  were  one  inch  in  diameter.  The  cock  was  first  gradually  opened,  and 
the  mercury  rose  slowly  in  the  tube,  exhibiting  the  steam's  pressure  in  the 
boiler  to  be  40  lbs.  above  the  atmosphere ;  equal  to  54*71  IIjs.  absolute  elasti- 
citv.  The  cock  was  then  sluit,  and  the  mercury  subsided  into  the  cistern  from 
condensation.  The  cock  was  again  opened  as  rapidly  as  possible,  and  the 
mercurial  column  instantly  indicated  59  lbs.  above  the  atmosphere,  or 
73*71  lbs.  absolute  force.  The  effect  was  produced  instantaneously,  and  it  re- 
quired close  attention  by  the  observers  to  determine  the  precise  height  to  which 
the  mercury  ascended  in  the  tube.     Other  experiments  were  made  in  a  similar 
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mauner  at  pressures  diminishing  from  40  to  21  lbs.  above  the  atmosphere,  and, 
in  every  case,  the  steam's  sudden  impact  elevated  the  mercury  to  a  height  so 
nearly  corresponding  with  the  ratio  of  the  foregoing,  that  I  have  deemed  it  only- 
necessary  to  cite  one  result  in  the  following  table,     [Note  C] 
Bsnrimmt  «ub  ibT^m      Shortly  after  my  last  Paper  was  read,  Mr.  A.  M.  Perkins  in- 

or  flS  Unoftphcrrt' 

«iuiifiiiy.  fonued  me  tJiat  he  thought  he  could  afford  me  an  example 
of  the  effect  of  the  steam's  percussive  or  instantaneous  action,  at  elasticities 
much  higher  than  those  iu  common  use.  I  found  at  his  manufactory  a  steam 
generator  to  supply  a  steam  gun,  capable  of  resisting  a  pressure  of  many  at- 
mospheres. It  was  connected  with  an  indicator  constructed  similarly  to  the 
commou  steam  engine  instruments,  as  regards  its  cylinder  and  piston,  but  de- 
noting the  pressures  by  an  index  moving  round  a  divided  dial  plate,  like  the 
spring  balance.  A  two  way  cock  formed  a  communication  between  the  instru- 
ment and  die  steam  in  the  boiler,  or  the  atmosphere,  so  that  the  steam's  pressure 
could  be  applied  to  the  piston,  and  removed  at  will.  Mr.  Perkins  justly  con- 
cluded that  if  I  was  correct  in  ascribing  a  superior  effect  to  the  sudden  and  full 
opening  of  the  admission  valve,  in  a  Comisli  en^ne,  the  index  of  his  dial  would 
be  carried  beyond  the  degree  indicative  of  the  steam's  simple  elasticity,  on 
suddenly  opening  the  cock  of  the  generator. 

Such  was  the  effect;  but  the  velocity  given  to  the  index  was  so  great  as  to 
render  its  motion  quite  iuvisible.  The  eye  could  only  distinguish  that  the 
index,  which  previously  stood  at  zero,  now  marked  26  atmospheres,  which  was 
the  pressure  in  the  generator ;  but,  we  ascertained  that  it  had  been  driven  round 
the  dial  as  far  as  3C  atmospheres.  This  was  determined,  on  repeated  trials,  by 
applying  the  finger,  or  a  strip  of  lead,  to  the  dial  plate,  and  moving  it  till  the 
extreme  stroke  of  the  index  was  only  just  perceptible.     [Note  D.] 

Tiie  results  of  all  the  foregoing  experiments  are  classified  in 
the  following  Table,  commencing  at  the  lowest  elasticities,  being 
those  obtained  from  steam  below  atmosjjheric  pressure. 

The  pressures  marked  in  column  S  are  those  of  the  simple  elastic  force  of 
the  steam  which  existed  in  the  cylinders,  at  the  commciiccment  of  the  down 
stroke,  as  sliown  iu  figs.  1  and  2.  [Note  B.]  Column  4  registers  the  highest 
pressures  denoted  by  the  indicators,  or  mercurial  gauge,  on  the  instant  of  the 
steam's  admission.  The  term  momentum  adopted  in  the  heading  of  column  4 
may  be  objected  to  on  some  grounds ;  but  after  much  consideration,  it  appears 
tlie  best  in  common  use  to  include  all  the  acUon  besides  that  due  to  simple 
pressure. 
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TABLE  I — continued. 


NuntMr  of 
BxpntoffnU 

la  lbs  hoUtn. 

Prvnwrv  due 

to  tli«  Sipom** 

StnpU  Elutieit) 

Pmmra  fluv  tn 
MomeBliuo. 

DlllRance  of 

RlaMlrity  »nA 

Mumentun. 

FtatiouUn  of  Iho  £ii|l»«,  md  Reinaiki. 

fio. 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

ll»>  pat  aq.  in. 

37-71 

Ibi.  par  tq.  in. 

28-7t 
31-71 
32-21 
32-21 
32-71 
32-71 
33-71 
33-71 
33-01 
34-21 
34-46 
34-71 

ItM.  p«r  iq.  In. 

37-71 
41-71 
40-21 
40-71 
37-71 
44  71 
37-71 
43-71 
45-71 
47-71 
44-96 
44-21 

Ibi.  per  tq.  la. 

9-00 

lO'OD 

800 

8' 50 

5  00 

12-00 

4-00 

10  00 

11-80 

13-50 

10-50 

9-50 

Double  cylinder  expantlvc  enfoaa  bjr 
Mr.  Edward  Humphrjs,  at  Farrott'i 
tiour-mill,  Sroad-itreet,  Lambeth. 

DUgramt  from  Htoall  cyUoder. 

Diameter  of  cylinder    8  in. 
Lcn^b  of  stroke      .   32  „ 
43  stroke*  per  mimite. 

42 

54-71 

•• 

73-71 

1900 

£Xp«riBi«Dt  on  a  nwrpiiiiklnii^tr  nt  (ti«  Ube 
ruflne  CompMjr'a  Works,  llirnlnchuB. 

43 

382*46 

529-56 

147*10 

ExperlnMMit  os  Mi.  Pstklu'a  gman^UK  aati 
lam,  LooAoa. 

1 

2 

3 

4 

5 

Although,  as  might  be  expected,  the  indicator  diagruins — taken  as  they  were 
from  differect  engines,  and  the  valves  of  wliich  were  opened  with  greater  or  less 
rapidity — do  not  furnish  a  scale  exhibiting  an  uniform  increase  of  percussive 
or  instantaneous  action,  for  increasing  pressures,  yet  the  fact  is  demonstrated 
that  this  action  took  place  in  every  in&tanoc;  and  that  its  inteusity  increases 
with  the  steam's  elasticity. 
Approiim.i«T«iiDbH«Mi>      From  these  experiments  an  approximation  may  be  made  to 

lk«  «)iuiic  *D<1   prreuuivv 

ftimorstMn.  the  amount  of  the  action  due  to  tiie  steam  s  momentum. 
Assuming  Mr.  Perkins's  dial  plate  to  have  been  truly  graduated,  it  results 
that,  for  each  pound  of  the  steam's  simple  pressure,  (experiment  43,)  an  instan- 
taneous action  was  exerted  on  the  piston  equal  to  1*384  lbs.  per  sq.  in.  The 
ratio  on  the  mercurial  column,  (experiment  42,)  is  as  1  to  1*347.  £.\periment 
39,  which  exhibits  the  maximum  effect  obtained  at  the  highest  ranges  of 
pressure  taken  by  the  indicator,  gives  a  ratio  of  1  to   1*394.     Experiment  7 
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shows  a  ratio  of  1  to  1'427.  It  is  inii>ortant  to  notice  that  whilst  taking  this 
diagram,  and  that  in  experiment  *-?,  which  gave  a  ratio  of  1  to  1'381,  the 
excentric  rod  was  di^ngaged,  and  the  valve  handed,  which  occasioned  a  fiiller 
and  more  instantaneous  entrance  of  the  steam  into  the  cylinder,  than  could 
be  effected  hy  the  excentric's  motion  in  the  other  experiments  on  the  same 
engine. 

It  must  be  observed  that  none  of  tliese  experiments  were  made  with  the 
expectation  of  arriving  at  an  exact  determination  of  the  abstract  amount  of 
percussive  or  iostantaneous  action.  An  apparatus  for  experimentally  solving 
this  problem  would  require  to  be  constructed  expressly  for  the  purpose,  for 
the  reasons  hereinafter  assigned  (page  422).  In  consequence,  therefore,  of  the 
inadequacy  of  the  instruments,  1  can  only  employ  the  maxima  of  the  effects 
denoted,  as  the  nearest  approximation  to  the  truth  ;  for,  the  highest  result 
marked  at  any  one  elasticity,  may  be  at  all  times  obtained,  from  steam  of 
similar  elasticity,  by  using  proper  means. 

The    following    table    exhibits    the   greatest  results   in  a  scale 
descending  from  the  highest  to  the  lowest  elasticities  experimented 
upon : — 

TABLE  U. 


TbU-9. 


Nnmbpr  oT 

Bxpcrlnwnt* 

Tkbl«  I. 


to  tile  Sleom'a 
SinplB  EtMtkity 


Means 


83-21 


l*T*aMm  dna  to 

Mon^tum. 


115-01 


'  Mi.d  Huucolun. 

Uwm«utiun. 


31*80 


Aaliu. 

1  to  1-384 
1  to  1  •  347 
1  to  1-394 
1  to  1'427 
1  to  1-381 
1  to  1-384 


1  to  1*386 


The  results  of  these  experiments  are  in  perfect  accordance  with  the  general 
principle  that  the  increase  of  force,  arising  from  the  steam's  momentum,  is  hi 
the  direct  ratio  of  its  elasticity. 

That  the  increment  of  the  percussive  or  instantaneous  action  should  be  in 
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simple  proportion  to  the  increment  of  the  elastic  force  of  steam,  appears  to  be 
consistent  with  its  nature,  as  a  perfectly  elastic,  and,  dynamically  considered, 
perfectly  imponderable  body  ;  for,  the  weight  of  steam  operating  in  an  engine 
cannot  form  any  appreciable  quantity  of  its  mechanical  effort  or  effect.  The 
motion  of  steam  is  simply  due  to  its  elasticity;  or,  more  properly  speaking,  to 
the  repulsive  forces  which  exist  between  the  particles :  the  velocity  of  that 
motion,  and,  consequently,  the  momentum  of  the  steam — siuce  it  may  be  con- 
sidered imponderable — will  also  depend,  simply,  on  the  elasticity.  When  these 
repulsive  forces  are  in  equilibrio  with  each  other,  or  are  counterbalanced  by 
the  reaction  of  any  containing  surface,  the  steam  is  at  rest ;  but,  so  soon  as  that 
equilibrium  is  disturbed,  as  by  opening  a  passage,  or  removing  part  of  the 
containing  surface,  motion  ensues ;  unless  steam,  of  the  same  elasticity,  be  on 
the  other  side;  in  which  case,  there  will  be  no  motion,  since  the  elasticities  will 
then  counterpoise  each  other.  The  velocity  of  tlie  steam  will  depe-tid  on  the 
difference  of  the  elasticities  ;  and,  that  this  difference  may  produce  its  full  effect 
— or  that  the  steam  may  have  the  greatest  velocity — the  opposing  surface  must 
be  witlidrawn,  or  the  communication  made,  instantaneously.  As  this,  how- 
ever, is  not,  strictly  speaking,  practicable,  the  more  quickly  the  communication 
can  be  effected,  the  greater  will  be  the  velocity  and  momentum  of  the  steam 
issuing  from  the  boiler  into  the  cylinder,  and  the  greater  the  percussive  or 
instantaneous  action  on  the  piston.     [Note  E.] 

^Mitail'^JLlu^k^i'*"      ^  ^'^'  "^^  proceed  to  apply  the  information  furaished  by 
Mrii^?lKi-«L.!'     these  instnimental  tests  to  illustrate,  still  further,  the  theory 
of  the  steam*8  action  in  Cornish  single  pumping  engines. 

It  is  apparent  that,  in  all  the  experiments  above  cited,  a  greater  or  less  amount 
of  percussive  or  instantaneous  action  was  transmitted  to  the  piston  of  an  engine. 
It  is  also  seen  that  in  two  exjieriments,  distinct  from  an  engine,  the  sudden 
admission  of  steam  up(.iu  the  surface  of  mercury  in  the  basin  of  a  gauge,  and 
upon  a  piston  connected  with  an  index,  produced  an  effect  upon  the  column  of 
mercury,  and  upon  the  index,  more  than  a  third  greater  than  the  actual  elastic 
force  of  the  steam.  The  fact  of  the  steam's  percussive  action  is  irrespective  of 
the  engine;  but  its  dynamic  use  depends  on  the  circumstances  of  an  engine  at 
the  time  of  its  application.  All  the  indicator  diagrams,  referred  to,  show  that 
the  valves  of  the  engines  were  so  set,  as  to  let  the  steam  upon  the  pistons,  when 
the  engines  were  absolutely  at  rest ;  or,  more  correctly,  when  the  piston  was  on 
the  point  of  reaching  the  extent  of  its  stroke.     Such,  or  very  nearly  similar, 
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is  the  condition  of  all  reciprocating,  double-ncting,  rotative  engines.  At  this 
instant  of  time,  the  connecting  rod  and  crank  arc  in  tlie  same  line — in  beam 
engines,  vertical — so  that  no  amount  of  force,  then  impressed  on  the  piston,  can 
act  with  any  useful  effect.  On  admitting  steam  to  engines  so  circumstanced,  no 
other  result  is  produced  than  a  sudden  pressure,  whicli  is  |)erfectly  useless.  The 
simple  elastic  force  of  the  steam  in  the  cylinder  act*  efficiently,  as  soon  as  the 
altered  position  of  the  crank,  through  the  agency  of  the  fly-wheel,  pennits  the 
piston  to  move  :  but,  no  motion,  no  useful  effect,  Ls  produced  by  the  steam's 
percussive  or  iustanttmeous  action  ;  as  the  condition  of  the  engine,  at  the  time 
of  its  being  exerted,  prohibits  motion.  The  piston  is  not  free  to  move  at  the 
instant  of  the  admission  of  the  steam,  and  its  initial  percussive  or  instantaneous 
action  is  expended  ineffectively  on  tiie  parts  of  the  machine. 

The  condition  of  single  acting  engines  is  entirely  different.  Tlie  beam  and 
scales  of  a  balance  truly  represent  it.  There  is  nothing  to  oppose  the  descent 
of  the  piston  on  the  instant  of  applying  any  kind  of  force  to  it,  which  exceeds 
the  amount  of  the  inertia  of  tlie  mass,  and  other  resistances.  Thus,  the  piston 
is  prepared — it  is  in  the  best  condition — to  receive,  and  yield  to  the  exertion  of 
any  preponderating  effort  upon  its  surface;  there  is  no  crank  prohibiting 
motion,  at  that  instant,  as  in  rotative  engines;  whatever,  therefore,  is  the 
amount  of  the  steam's  forc«,  and,  of  whatever  nature  that  force  may  be,  the 
whole  must  tell  upon  the  piston,  and  be  accounted  for  in  the  effect.  By  ap- 
plying the  ratio  just  given,  of  the  excess  of  force  arising  from  the  steam's  mo- 
mentum over  that  of  its  simple  elasticity,  to  the  examples  of  the  Cornish  engine 
examined  in  my  last  paper,  it  will  be  found  that  the  effect  then  attributed  to  it, 
is  less  than  the  majcimum  wliich  can  be  obtained  from  the  pressures  employed 

by  the  Cornish  engineers.    [Note  F.] 

pi«ot.m«wii  ni«i^..ii*r     If  further  proof  were  wanting  of  the  great  excess   of  the 

of  p«r€r.ji«iTt*  nclloci  la  j  •       •     •      1      r  ■  •  l  l  •      •  li  n       t 

c.Tukah iiicinvi.  Steams  untial  force  over  its  simple  elasticity,  as  well  as  of  the 
nature  of  that  force,  I  think  it  will  be  found  in  the  following  phenomenon 
communicated  to  me  by  Mr.  William  West,  the  designer  of  the  Fowey 
Consols  engine.  He  stated  to  me  that  additional  load  had  been  laid  upon 
that  engine,  since  the  period  of  the  trial  which  gave  the  facts  used  in  my  former 
investigation  ;  and  that  he  was  fearful  the  cylinder  cover  would  give  way,  as 
he  observed  it  to  "  breathe  upwards,"  very  sensibly,  at  eacli  admission  of  steam. 
1  requcBted  him  to  measure  vpry  caretuUy  the  amount  of  this  springing  of  the 
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cover,  and  to  supply  me  with  the  particulars  of  its  weight,  and  strength  of 
material. 

The  cylinder  is  80  inches  diameter.  The  cover  weighs  4  tons.  Its  bottom 
is  flat,  2 J  inches  thick,  strengthened  on  the  upper  side  with  16  ribs,  radiating 
between  the  centre  and  circumference,  and  averaging  2J  inches  deep,  by  H 
inch  thick. 

Notwithstanding  the  raassiveness  and  strength  of  this  construction,  it  was 
ascertained  that  the  cover  is  sprung  upwards  at  the  centre  -^  of  an  inch  by 
steam  of  49-71  lbs.,  and  ,V»  oi*  i  o^  ^^  inch,  by  steam  of  6171  lbs.  per  square 
inch,  absolute  pressure  in  the  boiler.  This  effect  is  instantaneous  on  the  steam's 
admission. 

To  complete  this  experiment,  Mr.  West  also  tried,  at  my  instance,  to  what 
amount  the  cover  would  be  sprung  by  maintaining  steam,  in  a  state  of  quiescence, 
between  it  and  the  piston,  at  the  full  pressure  of  the  steam  in  the  boiler.  He 
found,  as  I  anticipated,  that  no  change  of  shape  whatever  was  produced  in  the 
cover  bv  steam  under  these  circumstances.  He  brought  down  the  piston  to  the 
bottom  of  the  cylinder,  and  let  the  engine  hang,  for  some  time,  on  the  spring 
beams;  the  steam  valve  being  kept  open  to  establish  a  perfect  equilibrium 
between  the  steam  in  the  boilers,  and  cylinder.  Its  elasticity  was  54*7 1  lbs.  per 
square  inch.  Mr.  W^est  observes :  "  These  experiments  have  been  made  as 
accurately  as  possible ;  tJiere  have  been  many  covers,  of  the  same  dimensions, 
broken  in  Cornwall  by  the  .steam's  blow."  [Note  G.] 

A*diiw.i».i  ph«ii«m..»oo  I  will  now  consider  another  phenomenon,  also  supplied 

■■conub^iciiiM.  by  the  engine,  and  which  seems  to  me  to  be  equally  de- 
monstrative of  the  great  effect  of  the  percussive  or  instantaneous  action. 

In  the  section  of  my  last  paper  (p.  280)  explaining  the  action  of  the  elastic 
cushion  of  steam  which  brings  the  engine  to  rest,  I  restricted  myself  to  the 
observation  that  some  gain  might  arise  from  it,  as  it  is  a  quantity  of 
steam  recovered  at  the  end  of  each  stroke — a  quantity,  in  fact,  replaced  at  each 
reciprocation — and  which  by  its  ultimate  expansion  below  its  original  pressure, 
produces  useful  effect.  I  did  not  enter,  at  that  time,  into  a  consideration  of  the 
influence  which  the  greater  or  less  volume  of  this  cushion  might  have  upon  the 
economy  of  the  engine. 

The  nature  of  the  work  done  by  a  single  acting  engine,  having  no  crank,  or 
other  mechanical  means  of  regulating  the  length  of  a  stroke,  requires  that  the 
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equilibrium  valve  shall  be  closed  in  time  to  imprison,  between  the  piston  and 
cover,  steam  of  a  pressure  sufficiently  great  to  bring  the  engine  to  rest,  and  pre- 
vent the  piston  from  striking  the  cover.  The  time  of  closing  that  valve  thus 
partly  regulates  the  length  of  the  working  stroke,  and  positively  determines  the 
volume  of  the  cushion.  But  it  appeared  to  me  that  the  less  this  volume,  tiie 
greater  should  be  the  effect  of  the  percussive  or  instantaneous  action  of  tlie 
steam;  and  consequently,  the  greater  the  economy  produced — or,  wliat  is  the 
same  tiling,  that  the  greater  the  space  into  which  the  initial  steam  has  to  expand, 
on  entering  the  cylinder,  the  percussive  force,  or  instantaneous  action  on  the 
piston  would  be  diminished  in  a  corresponding  degree.  The  inference,  there- 
fore, which  I  felt  disposed  to  draw  was,  that  the  more  the  volume  of  the  cushion 
could  be  contracted,  the  greater  lyould  be  the  force  of  the  steam's  impact  on 
the  piston. 

Several  Cornish  engineers  have  since  confirmed  the  soundness  of  this 
view:  they  assure  me  that,  when  making  special  trials  of  their  engines, 
they  always  exceed,  and  sometimes  very  considerably,  the  amount  of  duty  done 
in  the  regular  course  of  work  ;  for,  when  attending  to  the  engines  personally, 
they  allow  the  piston  to  ascend  till  it  nearly  touches  the  cover ;  but  they  dare 
not  trust  the  regular  attendants  to  work  in  this  manner. 

It  must  be  observed  that,  in  effecting  this  increase  of  performance,  no  change 
has  been  made  in  the  amount  of  resistance  to  be  overcome  ;  nor  in  the  engine, 
with  the  exception  that,  on  the  termination  of  the  return  stroke,  the  piston 
rests  nearer  the  cover.  No  change  has  been  made  in  the  elastic  force  of  the 
steam  in  the  boiler,  nor  in  tlie  lift,  nor  duration  of  the  opening  of  the  steam 
valve  :  the  density  of  the  steam  in  the  cushion  is  also  unaltered ;  its  volume 
only  is  diminished.  The  consequence  of  this  apparently  simple  circumstance 
is,  that  the  working  stroke  is  accomplislied  with  a  less  consumption  of  steam. 
The  cause  of  the  increased  effect  seems  to  me  to  receive  its  explanation  from 
the  increased  intensity  of  the  steam's  impact  on  the  piston ;  and,  hence,  the 
superior  economy  of  a  small  cushion.     [fJote  H.] 

A  complete  explanation  of  certain  phenomena,  commonly 
noticed  by  attendants  on  steam  engines,  appears  to  me  to  be 
afforded  by  the  foregoing  observations  and  experiments.  1  refer  to  the  exces- 
sive oscillation  of  the  mercurial  column  in  steam,  and  vacuum  gauges.  It  is  a 
frequent  remark  that  when  an  engine  is  in  action,  the  mercury  rises  higher,  and 
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falls  lower,  than  18  due  to  the  exertion  of  the  steam's,  or  the  atmosphere's 
Bimple  elasticity. 

On  a  steam  valve  being  suddenly  shut,  a  certain  amount  of  reaction  takes 
place  upon  every  portion  of  the  internal  surface  of  the  boiler,  and  upon  every 
object  exposed  to  its  influence.  Consequently,  the  mercurial  column  yields  to 
its  force,  and  is  elevated  to  a  height  exceeding  the  true  measure  of  the  steam's 
simple  elastic  force.  Several  instances  of  the  complete  evacuation  of  mercury 
from  these  gauges  have  been  communicated  to  me,  when  the  column  was  su- 
perior to  the  simple  pressure  of  the  steam,  or  of  the  atmosphere.  I  will  cite 
two,  as  sufficient  for  the  illustration,  though  I  could  enumerate  many  other 
similar  phenomena;  but,  as  they  all  find  their  explanation  in  the  principles 
before  stated,  it  would  be  mere  iteration  to  quote  them. 

Instance  1. — A  safety  valve  being  very  suddenly  closed,  whilst  the  steam  was 
blowing  off,  and  the  pressure  of  which  did  not  exceed  3  lbs.  above  the  atmosphere 
in  the  Ixjiler,  the  whole  of  the  mercury  was  expelled  from  a  syphon  gauge, 
though  it  contained  sufficient  to  indicate  truly  6  lbs  pressure. 

Instance  2, — The  mercury  of  a  syphon  vacuum  gauge  was  blown  into  the 
condenser  of  an  engine,  on  suddenly  o|>ening  a  cock  of  communication,  though 
it  contained  mercury  enough  for  a  perpendicular  column  of  33  inches.  The 
vacuum  in  the  condenser  did  not  exceed  28  inches. 

These  incidents  are  not  uncommon,  and  engine-men  not  unfrequently 
incur  blame  from  their  masters,  by  losing  the  mercury'  of  their  gauges ;  the 
masters  asserting  that  the  safety  valves  must  have  been  overloaded  to  produce 
the  effect.  A  case  has  been  reported  to  me  in  which  a  valve  was  weighed,  to 
decide  a  dispute  of  this  kind,  and  the  engineer  was  found  to  l>e  correct  in  his 
assertion  that  the  mercurial  column  exceeded  the  pressure  on  the  safety  valve, 
though  the  gauge  was  frequently  evacuated  of  its  contents.     [Note  I.] 

pi.«ii«iiM.H«..f  ti.«         Tlie  illustrations  hitherto  adduced  have  been  derived  from, 

l«|iuluruD*«l«iltc  auld  -11-1  p  1  r  i         •       n     >  m 

oaaMthM.  fyf  considered  with  reference  to,  the  cases  of  an  elastic  fluid 
being  brought  to  act,  suddenly,  on  k  solid,  or  a  liquid,  but,  in  several  of 
these  cases,  the  percussive  or  instantaneous  action  is  rendered  available  by 
transmission,  or  tlirough  the  intervention  of  a  mass  of  elastic  fluid.  This  is  the 
case  in  the  Cornish  engine,  and,  in  further  illustration  of  the  subject,  it  may  be 
important  to  consider  some  cases  of  the  impact  of  one  elastic  fluid  on  another. 
With  this  view  I  shall  select  some  experiments  made  by  Mr.  William  Greener, 
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gun-maker,  of  Newcastle-upon-Tjne.  His  object  was  to  determine  the  distance 
to  which  a  ball  wouhl  be  projected  from  a  barrel,  open  at  both  ends;  or,  what 
IS  the  same  thing,  to  ascertain  the  repulsive  power  of  the  atmospliere  against 
the  explosive  force  of  gunpowder.  For  this  purpose,  he  prepared  two  barrels 
of  6  feet,  and  8  feet,  in  lengtli,  their  bore  being  No.  15  of  the  trade,  or  some- 
what more  than  -J-ths  of  an  inch  diameter.  From  the  various,  and  curious 
results  obtained  by  Mr,  Greener,  I  will  select  the  following  from  the  8  feet 
baiTel,  as  most  suitable  for  my  purpose. 

A  cartridge,  containing  three  drams  of  powder,  was  pushed  down  to  a  touch- 
hole  pierced  at  32  inches  from  one  end,  so  that  a  column  of  air  remained 
behind  the  cartridge  of  64  inches  in  length,  acting  as  a  breech.  A  ball,  which 
fitted  the  lK)rc  well,  but  not  over  tight,  was  pushed  down  upon  the  cartridge. 
The  barrel  was  tlien  placed  at  a  slight  elevation,  and  fired.  The  ball  was  pro- 
jected considerably  above  200  yards.  Mr.  Greener  observes,  "This  effect  was 
not  quite  equal  to  Uiat  commonly  obtained  from  a  breeched  barrel,  as  I  used  a 
smaller  charge  of  powder;  but  it  nearly  equalled  the  resisting  strength  of  the 
barrel,  as  was  proved  by  another  experiment" 

In  this  last  he  employed  four  drams  of  powder,  and  placed  three  balls  alwve 
the  cartridge.  On  firing,  the  barrel  burst,  immediately  behind  the  touch-hole 
or  point  of  inflammation,  on  the  column  of  air  side.  On  this  phenomenon  Mr. 
Greener  remarks,  "  It  shows  the  repulsion  of  the  particles  of  air  driven  back 
upon  themselves  to  be  equal  to  the  strength  of  the  barrel ;  and,  no  doubt,  if  the 
barrel  had  been  strong  enough,  and  tlie  charge  of  powder  increased,  the  velocity 
of  the  bullet  would  have  been  as  great,  when  propelled  by  the  reaction  of  the 
explosive  force  against  this  column  of  air,  as  if  the  barrel  had  been  closed  with 
a  Solid  breech." — **  It  must  be  observed,"  he  adds,  "  that  it  is  only  at  a  high 
velocity  this  wonderful  arrangement  of  nature  to  curb  our  longing  for  extremes 
is  sho^^'n.  The  mean  velocity  of  the  ball  must  at  least  equal  that  at  which 
sound  travels,  for  a  perfect  exliibitiun  of  tlie  propulsive  power  of  gunpowder 
acting  against  an  air  breech." 

Tliese  experiments  and  remarks  of  Mr.  Greener's  are  replete  with  instruc- 
tion :  they  show  that  an  aeriform  elastic  fluid,  in  a  state  of  repose,  closely 
reflembles  a  liquid.  When  slowly  acted  upon,  tlie  mobility  of  our  atmosphere 
is  such  as  to  yield  easily  in  all  directions,  and  to  offer  but  little  sensible  re- 
sistance to  the  movement  of  objects  through  it ;  but,  when  only  partially  con- 
fined, and  acted  upon  violently,  and  suddenly,  the  difficulty  of  displacing  it  is 
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great.  They  show,  also,  that  upon  the  velocity  of  the  stroke  depends  the  effect 
produced  by  the  impact  of  aeriform  fluids ;  and  that  a  close  analogy  exists 
between  the  law  of  percussive  action  in  aeriform  fluids  and  solids,  tliough  the 
former  must  be  considered  as  imponderable,  and  perfectly  elastic. 

Mr.  Greener  informed  me  tliat  the  tliickness  of  the  barrel,  where  the  explo- 
sive force  acted,  was  -j\ds  of  an  inch ;  and  he  estimates  tlie  instantaneous  pres- 
sure exerted  as  equal,  in  this  case,  to  about  1,200  lbs.  per  square  inch.  In  all  these 
experiments  but  little  smoke,  and  very  few  sparks,  issued  from  the  open  breech  ; 
showing,  together  ^vith  the  effect  upon  the  projectile,  that,  for  an  instant,  the  air 
must  have  been  most  poweifully  compressed :  for,  to  use  Mr.  Greener's  perti- 
nent and  expressive  language,  "  the  repulsion  of  the  particles  of  air,  driven 
back  upon  themselves,"  opposed  a  resistance  nearly  equal  to  that  of  a  solid 
breech. 

Scarcely  a  sound  succeeds  the  firing  of  powder  in  these  open-ended  barrels ; 
there  is  little  or  no  vacuum  to  be  filled  u]>,  as  the  air  follows  the  gunpowder 
gas  as  fast  as  it  escapes  ;  and  "  it  is  thus  proved,*'  Mr.  Greener  observes,  "  that 
the  report  of  a  gun  is  altogether  the  work  of  air." — [Note  K.] 

Table  2  contains  certain  results,  selected  from  the  expe- 
riments with  the  indicator  and  mercurial  column,  affording 
the  nearest  appro.vtmai.fi  measures  obtained  of  the  pressure  due  to  the  steam's 
momentum  at  different  elasticities.  But  Mr.  Greener's  extreme  experiment 
with  another  elastic  fluid,  gunpowder  gas,  warns  us  both  of  the  difficulty  of 
conti'iving  and  of  placing  an  instrument  so  as  to  indicate  truly  the  force  of 
percussion,  or  of  the  instantaneous  action  derived  from  aeriform  fluids ;  and  it 
induces  doubts  of  the  sufficiency  of  the  instruments  for  that  purpose  employed 
in  the  preceding  investigation. 

In  the  experiment  at  Mr.  Perkins's,  atmosplieric  air  formed  the  medium  by 
which  the  force  of  the  steiim's  instantatieous  action  was  transmitted  to  the  piston 
of  the  indicator,  and  exhibited  by  the  index.  It  seems,  however,  certain  that 
if  a  similar  instrument  had  been  applied  to  the  extremity  of  Mr.  Greener's  gun- 
barrel,  it  would  not  have  truly  marked  the  force  which  operated  on  the  other 
end  of  the  column  of  air  next  the  cartridge,  at  the  instant  of  the  explosion  of 
the  gunpowder.  The  phenomena  of  the  projection  of  the  ball,  and  of  tlie 
bursting  of  the  barrel,  disclose  the  remarkable  fact  that  the  cushion  of  air, 
against  which  the  force  acted,  was  not  displaced;  or  not  to  such  an  extent  as  to 
drive  it  out  of  the  barrel,     it  is,  therefore,  evident  that,  at  some  certain  distance 
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from  the  point  of  explosion,  in  a  barrel  of  greater  length  (and  possibly  in  the 
one  in  question),  no  compression  of  the  air  wonld  take  ])lace;  and  that  an 
indicator  placed  at  that  spot  would  Iw  unmoved  by  tlie  explosion.  Mr.  Greener 
ascertained  for  me  that  the  flame  of  the  explosion,  in  the  eight  feet  barrel,  had 
only  extended  six  inches  from  the  touch-hole  into  the  column  of  air.  It  may 
then  be  concluded  that  the  atoms  of  air  which  lay  nearest  to  and  first  received 
the  stroke  of  the  generated  gas,  became  so  condensed  as  to  offer  a  resistance 
like  a  solid  or  liquid  bwly,  and  that  a  very  small  portion  of  the  initial 
momentary  pressure  was  transmitted  to  the  air  at  the  extremity  of  the  barrel. 
The  exertion  of  a  small  amount  of  force,  slowly  applied,  would  expel  all  the 
air;  but  if  the  velocity  of  the  impinging  force  be  greater  timn  that  at  which 
an  aerial  wave  can  be  propagated  along  the  barrel,  then  the  air  will  present  a 
base  against  which  reaction  can  take  place  :  and  hence  it  is  that  the  air  served 
as  a  breech  for  the  projection  of  the  bullet. 

Of  the  velocity  of  steam  we  know  little,  at  any  elasticity,  but,  it  must 
be  immensely  great  when  expanding  from  a  pressure  of  26  atmospheres 
to  that  of  1  atmosphere ;  and  it  is  possible  that  the  column  of  air  (about 
three  feet  in  length)  enclosed  between  the  cock  of  the  generator  and  tlie  j)iston 
of  the  indicator,  in  the  experiment  at  Mr.  Perkins's,  may  not  have  trans- 
mitted the  whole  force  of  the  steam's  instantaneous  action  to  the  piston : 
it  is  possible  that,  in  this  case,  as  in  Mr.  Greener's  gun,  a  portion  of  the  force 
may  have  reacted  against  the  confined  air,  and  not  have  reached  the  piston. 
The  same  remarks  apply  to  the  mercurial  gauge,  from  which  the  air  in  the 
pipe  and  above  the  mercury  could  not  be  expelled  ;  and  it  is  probable  tlutt  if 
the  glass  tube  had  been  of  larger  dimensions,  particularly  at  the  end  immersed 
in  the  mercury,  and  if  the  steam  pipe  bad  been  shorter,  and  larger  at  its  junc- 
tion with  the  cistera,  the  effect  would  have  been  increased. 

I  am  the  more  eaniest  in  drawiug  attention  to  the  inadequacy  of  the  instru- 
ments for  determining  the  abstract  amount  of  the  action  in  question,  as  the 
experiments  on  the  cylinder-cover  convey  to  my  mind  an  impression  that  the 
force  which  sprung  it  (and  wliich  has  broken  so  many  very  massive  covers) 
must  have  considerably  exceeded  in  amount  the  pressure  which  would  appear 
to  have  acted,  as  deduced  from  the  ratio  of  the  results  in  Table  2.  A  pressure 
of  54*7  lbs.  per  square  inch,  the  steam  being  at  rest,  produced  no  change  in  the 
parallelism  of  the  cover ;  yet,  the  momentum  arising  from  steam  of  5  lbs.  less 
elasticity,  viz.,  of  4!)'7  lbs.  per  square  inch,  sprung  the  cover  ^ds  of  an  inch  at 
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the  centre.  By  applying  the  ratio  of  1'386  to  1,  to  49'7  lbs.,  a  force  is  obtained 
of  68*7  Lbs.  per  square  inch  as  the  amount  of  the  pre&sure  due  to  the  steam's 
niODientuni.  I  am  disposed  to  doubt  the  adequacy  of  tliis  force  to  spring  the 
cover  to  the  extent  measured.  Seeing  tliat  a  quiescent  force  of  547  lbs.  per 
square  inch  did  not  change  the  figure,  it  seems  to  me  very  questionable  whether 
a  force  greater  only  by  140  tbs,  per  square  inch  would  sulFicc;  and  whether 
the  additional  force  of  l(i'6  lbs.  per  square  inch  would  have  sprung  tlie  cover 
to  the  further  extent  of  -^ds  of  an  inch.  However  this  may  be,  doubt  cannot 
extend  to  the  fact  or  degree  of  the  springing  ;  nor,  1  think,  to  the  soundness  of 
the  conclusion  tliat  an  amount  of  force,  equal  to  that  which  acted  upon  the 
cylinder  cover,  must  also  have  operated  upon  the  piston  of  the  engine,  and  have 
produced  a  corresponding  dynamic  effect. 

The  steam  engine  indicator,  as  commonly  applied  and  as  used  in  the  fore- 
going experiments,  is  open  to  many  objections  as  an  instrument  for  detecting 
tlie  value  of  forces  acting  witli  great  suddenness,  and  velocity.  The  influx  of 
tl»e  steam  is  usually  nuicli  throttled  by  the  contracted  dimensions  of  the  cock, 
and  a  column  of  air  exists  above,  and  in  some  cases  below,  tlie  piston,  which 
must  impair  its  accuracy  for  this  purpose.  No  reliance  could  be  placed  on  its 
indications  of  such  a  force  as  that  which  sprung  the  cover  of  the  Fowey  Con- 
sols engine,  unless  it  were  so  constructed  and  ap[)lied  as  to  have  the  bottom  of 
its  piston  coincident  with  the  interior  face  of  the  cover  on  the  instant  of  the 
steam's  admission.  Other  precautions  will  also  be  suggested  by  these  remarks 
as  regards  the  construction  and  use  both  of  this  instrument,  and  of  tlie  mer- 
curial gauge,  in  conducting  experiments  for  measuring  tlie  percussive  force  of 
aerifonn  fluids. — [Note  L.] 

In  conclusion,  I  would  suggest  whether  some  of  the  hitherto 
unexplained  pheuomeuu,  attending  the  explosion  of  steam- 
boilers,  may  not  be  ex]>lained  by  tlie  foregoing  experiments  on  the  eflect  of 
instantaneous  action. 

The  greater  part  of  these  plicnoraena  are  more  or  less  characterized  by  sud- 
denness; few  exliibit  signs  of  tlie  operation  of  a  gradually  increasing  or  of  a 
continued  force.  We  have  examples  out  of  number  of  boilers,  weighing  many 
tons,  embedded  in  masonry,  and  fastened  down  by  various  attachments,  being 
jirojected  to  a  vast  height  or  distance  without  the  slightest  warning.  I  am 
unable  to  compn>hend  that  the  simple  elastic  force  of  steam  can  be  made  to 
separate  a  boiler  into  two  parts,  projecting  the  one  into  the  atmosphere  and 
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leaving  the  other  quiescent  I  have  still  greater  difficulty  in  understanding 
how  tlie  character  of  a  projnctile  can  l)e  given  to  such  a  body  as  a  boiler,  without 
its  having  received,  originally,  a  sudden  impulse,  using  that  term  as  implying 
momentary  action,  in  contradistinction  to  continuous  pressure.  It  is  conceivable 
that  a  gradual  increase  in  the  elasticity  of  confined  steam  might  di&locatc  some 
plates  of  a  boiler,  and  even  open  several  seams,  at  one  and  the  same  time ;  but 
in  most  of  these  cases  the  substance  of  plates  is  divided — in  many  cleanly  and 
truly,  as  if  done  by  a  hammer  and  chisel,  or  sheai*s.  Such  is  not  the  efiect  of 
an  uniformly  increasing  tensile  strain  :  under  these  circumstances,  exteussion  of 
the  metal  would  precede  rupture.  The  development  of  some  extraordinary  and 
sud<len  power  can  alone,  in  my  opinion,  account  for  such  effects. 

As  regards  the  projection  of  the  wlmle  body  of  a  boiler  from  its  seat,  the 
operation  oj'  an  immense  force,  combined  with  iustantaneousness  of  action, 
seems  necessary  for  the  production  of  the  effect. 

Instances  liave  occurred  in  which  an  internal  fire-tube  has  been  projected 
in  one  direction,  and  the  cylindric  shell  in  the  opposite  one.  These  and  many 
otlier  remarkable  facts  respecting  the  rupture  of  boilers,  on  the  instant  of 
starting  and  stopping  engines,  as  also  on  the  instant  of  suddenly  closing  and 
opening  safety  valves,  may,  it  appears  to  me,  be  readily  explained  by  some  of 
the  views  here  advanced. 

The  causes  of  these  explosions  are  numerous,  ofien  insidious ;  and  it  is  a 
subject  involving  so  many  considerations  relative  to  tlie  material  and  structure 
of  boilers,  their  management,  the  action  of  the  fire,  and  the  action  of  sudden 
disturbances  both  within  and  without  the  vessel,  that  I  can  at  present  only 
allude  to  them  as  intimately  connected  with  the  subject  of  this  communi- 
cation. 

JOSIAH  PARKES. 
12,  Great  College  Street,  Weslmlnster, 
April,  1841. 
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"  In  framing  n  theory  which  »haU  render  a  rational  account  of  any  natural  phenomenon,  we  have 
Jirsi  to  coDsidcT  the  agents  on  which  it  (Ie))endB,  or  the  causes  to  which  wc  regard  it  as  ultimately 
rcfcrriblc.  These  agenta  are  not  to  be  arbitrarily  aaaumed ;  ihey  must  be  such  as  we  have  good 
inductive  grounds  to  beUeve  do  exist  in  nature,  and  do  perform  a  part  in  phenomena  analogous  to 
those  wc  would  render  an  account  of;  or  such,  whose  presence  in  the  actual  case  can  be  demonstrated 
by  unequivocal  signs.  They  must  be  vera  causte^  in  short,  whith  we  can  not  only  show  to  exist, 
and  to  act}  but  the  laws  of  whose  action  we  can  derive  independently,  by  direct  induction,  from  expe- 
riments purposely  iustituted  ;  or,  at  least,  make  such  suppositions  respecting  them  as  shall  not  be 
contmry  to  our  esiwrtcnce,  and  which  will  remain  to  be  verified  by  tJie  coincidence  of  the  conclusions 
we  shall  deduce  from  them,  with  facts.  For  example,  in  the  theory  of  gravitation  we  suppose  an 
■^nt,  viz.,  force,  or  mechanical  power,  to  act  on  niiy  material  body  which  is  placed  in  the  presence 
of  any  other,  and  to  urge  the  two  mutually  towards  each  other.  Tliis  is  *  vera  causa ;  for  heavy 
bodies  (that  is,  all  bodies,  but  some  more,  some  less)  tend  to,  or  endeavour  to  reach,  the  earth,  and 
require  the  exertion  of  force  to  couutemct  this  endeavour,  or  to  keep  them  up.  Now,  that  which 
opposes  and  neutralizes  force  ii  force.  And  again,  a  plumb-line,  which,  when  allowed  to  hang  freely, 
always  bangs  perpendicularly,  is  fuund  to  hung  observably  aside  from  the  perpendicular  when  in 
the  neighbourhood  of  a  considerable  mountain.  Moreover,  since  it  is  a  fact  that  the  moon  does  circu- 
late  about  the  earth,  it  must  be  drawn  towards  the  earth  by  a  force  ;  for  if  there  were  no  force  acting 
upon  it,  it  would  go  on  in  a  straight  line  without  turning  aside  to  circulate  in  an  orbit,  and  would, 
therefore,  soon  go  away  and  be  lost  in  space.  This  force,  then,  which  we  call  tht  force  of  gravity, 
is  a  real  cawe." — Discourse  <m  the  Study  of  Natural  PhUosophy^  p.  197.    Sir  J.  F.  W.  Uerschei, 

(B.) 

The  two  following  indicator  diagrams  will  sufficiently  illustrate  t}ie  steam's  initial  action  :— 
Fig  1  is  a  copy  of  No.  39,  table  1 ,  taken  from  the  smaller  of  the  two  cylinders  of  Mr.  HumphrjVs 
engine.  A  simultaneous  observation  was  made  on  the  pressure  existing  in  the  boiler,  on  the 
instant  of  taking  the  diagram,  by  means  of  a  thermometer  graduated  fur  temperatures  and  pressures. 
Fig.  2  is  a  copy  of  No.  7,  when  the  valve  was  handed^  (referred  lo,  page  415,)  the  steam  in  the 
boiler  being,  at  the  in-stant,  exactly  of  atmospheric  pressure.  To  ensure  accuracy  as  to  the  elasticity 
in  this  boiler,  the  steam  was  blown  off  till  it  issued  only  at  the  boiling  point. 
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The  Bcnle  of  both  the  mdicfttors  uacd,  which  were  different  in  each  cue,  the  one  belonging  to 
Mr.  Hiiraphryft,  the  other  to  myself,  were  verified  in  iheir  places,  by  comparing  the  pressures  indi- 
cated with  tbuse  uf  (he  thermometric  stebm  gauge. 

The  Btcftm  valve  in  Mr.  Humphrj's'a  engine  ia  very  quickly  opened  by  a  tumbler  on  the  crank 
shaft ;  as  quickly,  perhaps,  aa  could  be  effeclcd  by  hand.  I  have  made  numerous  experiments  on 
the  instantaneous  action  of  steam  at  atmospheric  pressure  with  the  indicator  on  the  cylinder  of  the 
engine  from  which  Fi^.  2  was  taken,  by  setting  the  throttle  valve  open,  and  handing  the  steam  vidve 
as  sharply  as  )K>si>ible,  the  crank  being  kept  at  rest  ou  the  bottom  centre.  An  exhaustion  was  made 
before  laying  ou  the  steum,  which  waa  etfectcd  when  the  indicator  piston  stood  at  10  lbs.  below  the 
atmospheric  line.  On  admitting  the  steam,  the  indicator  marked  the  force  of  impact  as  varying 
between  19  and  20  *  5  Ihs.  per  square  inch.  To  prove  that  the  steam  possessed  this  momentum,  and 
that  the  piston  uf  the  instrument  did  not  ascend  by  virtue,  solely,  or  priucipally,  of  any  acquired 
momentum  of  ita  own,  higher  than  was  due  to  the  8team*&  action  upon  it,  a  small  clamp  was  fixed  ou 
the  piston  rod,  which  rested  ou  the  cover,  and  kept  the  piston  suspended  to  a  height  corresponding 
with  the  pressure  in  the  boiler.  The  result  was  much  the  same ;  the  piston  was,  in  every  case,  lifted, 
and  it  insiautly  descended  on  the  clamp. 


MR.  PARKES  ON  THE  ACTION 

The  vihrations  of  the  indicator  piston,  which  ariBe  from  the  spring  exerting,  nfter  percuMion,  a 
greater  force  tlian  the  counterttcting  elasticity  of  the  ateam  existing  in  the  cylinder,  may  be  con- 
trolled, or  altogether  prevented  by  throttling  the  steam's  passage  through  the  cock,  or  by  giving 
some  ad<]ilionaI  frictinn  to  die  pliiton  ;  but,  by  so  doing,  tlie  instrument  is  impaired,  and  its  indica- 
tions rendered  less  worthy  of  confidence.  It  is  remarkable  that  the  well  known  fact  of  the  instru- 
ment having  traced  lines,  above  the  ascertained  clastic  force  of  the  steam,  should  not  have  earlier 
induced  some  examination  into  the  cause  of  tlieir  production.  I  am  in  possession  of  numerous 
diagrams  exhibiting  the  vibrations  of  the  indicator  piston  to  have  continuol  throughout  the  entire 
stroke  of  the  engine.  No  faithful  computation  of  the  puwer  exerted  on  the  engine  piston  can  he 
made  from  such  diagrams.  A  diagram,  of  which  the  following  wood-cut  is  a  fae  simiU*,  was  given 
me  by  the  Secretary  of  the  Institution,  which  will  illustrate  this  opinion.  Mr.  Atherton  was  totally 
unacquainted  with  my  investigations  on  this  aubjcct,  when  he  wrote  the  remarks  appended  to  the 
figure. 

%.  a. 


"^. 
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ATMOSPHERIC      4.1  Nr 


*  Imnginary  lin«  of  tlie  iteam's  elutici^  In  th«  cyliniler. 

"  Diagram  showing  the  rapidity  and  force  of  the  stroke  of  high  prwrare  steam  exemplified  by  itB 
driving  (he  piston  of  an  indicator  far  above  the  point  corresponding  to  tlie  pressure  of  the  ateam  even 
in  the  boiler,  and  the  conaequent  oaciilalion  with  which  the  piston  of  the  indicator  moved." 

(Signed)  Charles  Atrkrton. 
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(C.) 

It  may  be  useful  to  state  the  dimensions  of  this  gauge.  The  area  of  the  cisterri  was  6  square 
iochca;  that  of  the  perpeodiculor  glass  tube  0*03,  and  ofthe  orifice  of  the  steam  pipe  0*4  square  inches. 
The  dititauce  between  the  surface  uf  the  ihercury  in  the  dstem,  when  at  the  fullest,  and  the  oov«r, 
was  about  j  of  an  inch,  and  the  capacity  4  *  5  cubic  inches.  Thus,  the  areas  of  the  lube  and  cistern 
were  to  eacli  other  as  1  to  200;  and  the  mercury  waa  depressed  about  0*G  iuch,  wheuthe  dilference 
between  i)ic  two  levels  uf  the  column  showed  a  pressure  of  about  59  lbs.  per  square  iuch.  The  motion 
of  the  mass  in  the  ciatcrni  therefore,  only  took  place  through  0*6  inch,  whilst  that  iu  the  tube  was 
through  119  inches  nearly. 

Let  it  be  supposed  that  the  end  of  the  tube  immersed  in  mercury  was  funusbed  with  a  valve 
opening  upwards.  It  is  clear  that  the  column  of  1 19  inches  would  be  sustained  in  the  tube  when 
the  valve  closed,  which  would  occur  on  the  instant  after  the  mercury  attained  its  extreme  elevation  ; 
and  this  column  would  represent  and  measure  the  efibctivc  work  performed  by  tliat  single  stroke 
of  the  steam,  independent  of  all  friction.  Yet,  the  aimple  pressure  of  the  steam  was  balanced  by,  and 
could  only  FUpport,  80  inches  nf  mercury. 

Regarding  the  gauge,  so  arranged,  as  an  eugine  of  the  simplest  form,  and  companng  the  results 
obtained,  under  the  cir  cum  stances,  by  admiltiug  the  steam  gradually,  or  sudtlenly,  upon  tlie  surface 
of  the  mercury,  the  economy  of  the  lutier  process  will  appear  in  the  value  of  tlie  difference  between 
the  weight  of  water  as  steam,  Glhng  the  cavity  of  the  cistern,  at  40  lbs.,  and  at  50  lbs.  pressure  per 
square  inch  above  the  atmosphere.  For,  it  would  have  required  a  given  volumn  of  steam  of  5D  Iba. 
pressure,  if  gradually  admitted,  to  have  displaced  the  mass  of  mercury  in  the  cistern,  and  have 
elevated  it  119  inches;  whereas,  the  expenditure  of  the  same  volume  of  steam  of  40  Lbs.  pressure, 
admitted  suddenly,  actually  effected  that  performance. 

I  am  at  a  loss  to  conceive  that  there  can  exist  any  distinction  in  the  actioit  or  effect  of  steam, 
whether  operating  on  a  mass  of  mercury  or  on  a  piston.  Wc  may  not,  from  circumstances  into 
which  it  is  unnecessary  to  enter,  realize  in  tlie  steam  engine  the  whole  of  the  force,  however  applied, 
but  n  like  method  of  applying  the  steam  must,  as  it  seems  to  me,  produce  like  results  in  both 
cases. 


(D.) 


A  pheiiometK)n  which  occurred  during  some  experiments  on  the  steam  gun  at  Mr.  Perkins's 
seems  lo  me  to  be  strictly  analogous  to  the  phenomena  exhibited  by  the  indicators,  and  the  mercurial 
gmige- 

I  observed  that,  occasionally,  a  bullet  stuck  in  the  barrel;  that  it  was  not  discharged,  though  the 
communication  with  the  generator  remained  fully  open.  On  shutting,  and  then  re-opvning  the  steam 
valve,  the  ball  passed  ;  in  one  case,  three  <lisclmrges  of  steam  were  necessary  for  its  projection.  Now, 
in  that  short  interval  of  time,  not  a  second,  between  the  operator  observing  the  non-expulsion  of  the 
bullet,  and  his  closing  and  opening  the  valve,  I  cannot  imagine  any  increase  in  the  steam's  elasticity 


430 


MR.  PARKES  ON  THE  ACTION 


to  have  taken  place  in  the  generator,  Bufficient  to  overcome  the  existing  resiBtance.  The  bull  fitted 
the  barrel,  bb  b  piston  in  an  engine  cylinder ;  Bteam  of  26  atmotspberes*  pTesaurc  waa  unable  to  move 
it ;  not  ft  particle  of  steam  iisucd  from  the  muzzle ;  yet,  by  merely  shutting  off,  and  sharply 
re-admiltiug  the  stvam,  the  ball  was  esfielled.  This  occurrence  toolc  place  several  timca.  Whether 
these  balls  wore  nnt,  originally,  truly  spherical ;  or  had  been  tlattened  by  the  eteam's  first  impact 
upon  them ;  or  had  some  roughness  on  their  surface ;  or.  whatever  may  have  been  the  immediate 
cause  of  their  sticking  in  the  barrel,  certain  it  Is  that  steam  of  an  elasticity  idenlicuUy  the  same 
with  that  which  had  provetl  inbuflicicnt,  did,  on  its  sudden  re-admission,  expel  the  balls  with  violence. 

For  a  perfect  comprehension  of  these  facts  by  persons  who  are  not  familiar  with  the  apparatus,  it 
may  be  well  to  explain  that  the  ball  is  dropped  into  the  barrel  through  a  |>erpendicular  tube  at  the 
breech,  and  rests  in  a  chamber  close  to  the  steam  valve,  which  may  be  called  the  lireech.  Tlie  bore 
of  the  barrel  is  parallel  throughout,  and  -^tht  of  an  inch  diameter.  The  diameter  of  the  valve  is 
fcha  of  an  inch;  its  area,  therefore,  is  four  times  that  of  the  barrel,  so  thai  there  is  no  throttling,  or 
wire  drawiriij  of  the  steam  on  its  admission. 

A  ball  being  introduced  into  the  barrel,  the  valve  is  rapidly  opened  by  a  handle.  In  the  cases 
under  examination,  the  first  action  of  the  steam  is  to  drive  the  bull  some  space  along  the  barrel.  It 
there  remains  unmoved,  and  hermetically  fits  the  tube.  The  steam,  at  this  instant,  is  in  a  state  of 
rest,  still  acting  against  the  ball,  but  exerting  only  the  simple  elastic  force  of  the  ateam  in  the  genera- 
tor ;  it  possesses  no  momentum.  The  operator,  perceiving  that  the  ball  has  not  been  expelled,  shuts 
off  the  steam,  and  again  suddenly  admits  it.  Tlie  expulsion  of  the  ball  is  now  effected,  having  been 
struck  by  a  force  superior  to  the  steam's  simple  preasure,  viz.  by  its  momentum.  The  first  blow 
sufficed  to  drive  the  ball  a  certain  space;  but,  when  the  momentum,  communicated  to  it  by  the 
steam's  percussive  or  instantaneous  action,  was  expended,  the  force  remaining  in  action  fell  below 
the  resistance,  and  the  motion  of  the  ball  ceased ;  a  second  blow  was  requisite  for  its  complete  expul- 
sion.    Such  appears  to  me  to  be  the  explanation  of  this  phenomenon. 


No  apparatus  for  opening  steam  valvca  with  rapidity,  and,  therefore,  for  letting  loose  the  steam 
upon  the  pistun  of  an  engine  with  the  full  velocity  due  to  the  difference  of  the  elaaticities  existing  in  * 
the  boiler,  and  in  the  cylinder,  has  yet  been  applied  so  cfTcctive  as  the  cataract.     And,  perhaps,  no 
description  of  valve,  hitherto  constructed,  opposes  so  Uttle  resistance  as  the  Cornish  double-beat 
skeleton  valve ;  nor  one  wliich  discharges  so  much  steam  for  an  equal  amount  of  lift. 

The  opening  of  this  valve,  by  the  falling  of  a  weight,  is  as  nearly  instanLanBouB  as  the  discharge  of 
fire-arms  by  the  action  of  a  hair  trigger. 

To  the  introduction  of  this  valve  and  iu  enlarged  dimensions,  combined  with  the  use  of  the 
cataract,  much  of  the  increased  performance  of  modern,  over  older,  Cornish  engines,  is  attributable. 
An  authentic  hietory  of  the  invention  of  this  valve,  and  of  it«  original  construction,  witli  the  changes 
it  has  undergone  in  form  and  dimensions,  relatively  to  the  pressure  of  steam  in  the  boiler,  and  to  the 
area  of  the  cylinder,  would  not  only  be  highly  interesting,  but  illustrative  of  one  principal  cause  of  the 
prugreasLve  advance  in  the  economy  of  the  pumping  engine. 
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(F.) 

Though  having  only  referred  to  singie  acting,  the  observationa  apply  equally  to  other  engine* 
of  the  %&me  kiud  which  arc  double  acting,  but  not  rotative.  Blast  engiuea  are  frequently  so  con- 
fltnicled,  and  also  some  pumpiDg  engines. 

It  is  not  absolutely  necessary  for  the  good  working  of  a  crank  engine  that  the  steam  should  be 
admitted  previously  to,  or  on  the  instant  of  the  piston  coming  to  rest,  at  each  end  of  the  stroke,  though 
Buch  he  the  practice.  The  steam  might  be  let  on  af^r  the  crank  has  passed  the  centre,  but,  for 
obvious  reasons,  its  instantaneous  or  percussive  action  would  not,  even  then,  be  so  efficiently  exerted 
upon  the  piston,  as  under  the  more  favourable  circumstances  of  the  single-acting  engine. 


(G.) 

The  "breathing,"  or  springing  upwards,  of  cylinder  cotctb  on  the  ateam^s  ndmiaeion  is  familiar 
to  engineers.  It  is,  I  believe,  the  present  practice  in  Cornwall  not  to  strengthen  them  with  ribs, 
but  to  give  a  greater  thickness  of  material,  by  which  a  sufficient  elasticity  is  secured,  and  fracture 
avoided. 

This  experiment  on  the  effect  produced  on  the  cylinder  cover  by  steam  of  nearly  similar  elasticity, 
when  in  motion,  and  when  at  rest,  it,  in  the  language  of  Bacon,  a  "  glaring  imtance"  of  the 
"  cruciar*  kind  ;  it  is  a  definitive  experiment  of  the  most  satisfactory  deacription.  We  obtain  from 
it  no  meaavre  of  the  difference  between  the  forces  under  investigation :  but  it  leaves  no  doubt  on  the 
mind  as  to  the  one  being  auperior  to  the  other ;  nor,  as  to  the  character  of  the  greater  action.  Sir 
John  Hfrschel,  in  illuatrating  Bacon*B  philosophy,  saya,  "One  of  what  he  calli  ^glaring  instances^ 
has  just  been  mentioned.  In  these  the  nattire.  or  cause  inquired  into,  (which  in  this  case  is  the 
cause  of  the  assumption  of  a  peculiar  external  form,  or  the  internal  structure  of  a  chrystal,)  stands 
naked  and  alone,  and  in  this  eminent  manner,  or  in  the  highest  degree  of  its  power.  No  doubt 
such  instances  as  these  are  highly  instructive ;  but  the  difficulty  in  jihysics  is  to  find  such,  not  to 
perceive  their  force  when  found."  And  again,  "  the  surest  and  best  chRractcristic  of  a  well-founded 
and  extensive  induction  is,  when  verifications  of  it  spring  up,  as  it  were,  Hpontaneously,  into  notice, 
from  quarters  where  they  might  be  least  expected.  Evidence  of  this  kind  is  irresistible,  and  com- 
pels assent  with  a  weight  which  scarcely  any  other  possesses." — DitcQur$e  art  the  Study  of  Naturat 
Philotophy,  pp.  110,  184. 


(H.) 


In  consequence  of  the  greater  intensity  of  the  steam's  impact,  when  the  piston  starts  from  nearer 
the  cover,  the  engine  requires  regulation,  and  (he  throttle  valve  is  more  closed,  since  a  less  pressure 
of  steam  is  requisite  to  complete  the  stroke.     (See  also  ante.  p.  272.) 

A  small  increase  in  the  length  of  stroke  might  be  occasioned  by  starting  the  piston  from  nearer 
the  cover,  but  the  volume  of  steam  in  the  cylinder  when  its  influx  is  stopped  would  be  unaltered, 

VOL.  III. PART  V.  M  M  M 


432 


MR,  PARKES  OS  THE  ACTION 


u  the  period  of  closing  the  steam  valve  remains  unchanged.  The  fact  of  several  millions  more 
duty  being  performed  under  these  than  under  the  ordinary  circumstances,  asRurea  us  that  the  steani, 
which  fills  the  cylinder  at  the  termination  of  the  stroke,  is  of  less  elasticity  than  when  the  piston  is 
started  at  a  greater  distance  from  the  cover,  since  the  higher  performance,  or  resulting  economy, 
consists  only  in  having  used  le^s  water  as  steam  to  effect  the  stroke.  Steam,  therefore,  of  less 
density  filled  the  space  of  the  cylinder  when  its  influx  was  stopped  ;  yet,  Oie  same  resistance  has  been 
overcotnc,  at  by  an  equal  volume  of  steam,  of  higher  elasticity^  under  the  ordinary  circuuisutnces. 


The  second  instance  occurred  at  Mr.  Stuteley*8  saw  mills,  Bankside.  Oo  visiting  the  place,  I 
found  the  statement,  as  originally  made  to  me  by  Mr.  Edward  Humphrys,  to  be  confirmed  by  the 
engineer,  who  had  provided  against  the  loss  of  the  mercury,  in  future,  by  interposing  a  second,  and 
longer  ayphon-pipe,  between  the  gauge  and  condenser,  to  retain  the  mercury  if  again  blown  over. 

By  referring  to  Note  C,  and  the  experiment  to  which  it  relates^  it  will  be  apparent  that,  bad  not 
the  cistern  contained  mercury  enough  to  balance  a  force  of  59  lbs.  per  square  inch,  the  whole  of  it 
would  have  been  evacuated,  by  steam  of  an  elasticity  of  40  lbs.  suddenly  admitted. 

I  lately  had  an  opportunity  of  measuring  the  amount  of  oscillation  produced  on  a  mercurial 
syphon  gauge  attached  to  a  Cornish  engine.  The  gouge  was  fixed  on  the  steam  pipe  in  the  engine- 
house,  between  the  throttle  valve  and  boilers.  The  steam  in  the  boilers  was  at  40  lbs.  above 
atmospheric  pressure.  On  each  admission  of  steam,  and  during  its  dow  into  the  cylinder,  the  gauge 
exhibited  the  pressure  in  the  pipe  to  be  37  lbs.;  on  the  instant  of  closing  the  ateam  valve,  the 
mercury  rose  to  44  lbs.,  settling  again  to  40  lbs.  before  the  succeeding  stroke. 

Mr.  Lowe  stated,  (see  "  Minutes  of  Proceedings,"  1841,  p.  1 50)  in  the  conversation  which  followed 
the  resiling  of  this  paper  at  the  Institutioii,  that,  on  opening  the  stop-cock  connecting  a  main  gas 
pipe  with  his  water- pressure  gauge,  tJie  water  experienced  an  instantaneous  action,  equal  to  a  column 
of  six  inches ;  though  the  simple  pressure  of  the  gas  in  the  pipe  only  balanced  four  inches.  This, 
and  the  depreaaion  observed  in  his  gauges  when  the  gas  ia  in  motion  along  the  pipea,  are  iDstanccs 
showing  the  identity  which  obtains  in  the  action  of  different  aeriform  tluids. 


(K.) 


These,  and  other,  experiments,  equally  remarkable  for  their  novelty  and  ingenuity,  are  contained  in 
a  work  recently  published  by  Mr.  Greener,  entitled  the  **  Science  of  Gunnenj"  which  records  a 
mass  of  information  interesting  to  the  philosopher  and  engineer,  as  well  as  to  the  gunner  and  sports- 
man. Tbe  quotations  above  given  are  from  Mr.  Greener's  correspondence  with  me,  previous  to  the 
publication  of  his  work,  and  not  exactly  in  the  words  of  his  text,  pages  37,  38,  39,  by  which  it 
apjiears  that  his  researches  en  the  subject  have  been  considerably  extended. 

The  action  of  gunpowder  gas,  on  the  instant  of  its  generation,  seems  to  possess  characteristics 
very  analogous  to  that  of  steam  suddenly  put  in  motion.  The  following  experiment  is  related  by 
Mr.  Robins,  who  first  discovered  the  permanently  elastic  nature  of  gunpowder  gas  : — 
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"  WbcQ  gunpowder  is  fired  in  an  exhausted  receiver,  the  racrniml  gauge  iDstaDtly  deecends  upon 
the  explosion,  and  &a  suddenly  ascends  again.  After  a  few  vibralions,  none  of  which,  except  the 
firstt  are  of  any  great  extent,  it  fixes  at  a  point  which  indicates  the  density  of  the  enclosed  gas." — 
New  Principles  of  Gunnery.  The  plienumena  of  the  action  of  steam  upon  mercurial  columns,  and 
upon  the  indicator,  are  exactly  described  by  these  words. 

It  has,  long  since,  been  demonstrated  that  the  report  of  a  gun  is  produced  by  the  rush  of  air  into 
the  barrel  to  replenish  the  vacuum.  The  residual  gas  left  in  a  barrel,  after  the  explosion,  is  eati- 
matcd  at  about  l-Sth  of  the  pressure  of  the  atmosphere,  the  velocity  and  momcDtum  of  which,  on 
re-entering,  must,  therefore,  be  very  considerable.  These,  and  many  other  similar  phenomena,  which 
offer  themselves  to  the  recollection,  furnish  tlie  fact  of  an  audible  blow  being  given  by  the  impact 
of  an  elastic  fluid  on  a  solid,  and  also  by  the  concussion  of  opposing  elastic  fluids. 

Several  instances  have  been  brought  to  my  notice  of  an  audible  blow,  or  shock,  nmitar  to  that  of 
the  hydraulic  ram,  taking  place  when  a  cock  is  very  rapidly  shut  in  a  pipe  through  which  steam  is 
flowing  into  the  atmosphere.  I  witnessed  one  instance  of  this  nature  at  Mr.  Thomas  Cuhitt*8  works, 
Thames  Bank.  It  occurs  on  quickly  shutting  a  cock  in  a  wrought  iron  pipe  of  considerable  length, 
and  about  an  inch  bore,  conveying  steam  through  the  building.  Whether  the  noise  and  shock  were 
occasioned  by  the  sudden  stoppage  of  the  current  of  steam  on  one  side,  or  by  the  sudden  entrance 
of  atmospheric  air  on  the  other,  caused  by  the  vacuum,  partial  or  perfect,  which  might  result, 
certain  it  is  that  the  closing  of  the  cock  was  instantly  succeeded  by  an  audible  sound  (as  if  produced 
by  a  blow)  and  by  a  tremor  of  the  pipe,  which  resulted  from  the  momentum  of  one  or  other  of  these 
elastic  fluids. 


(L.) 


Whilst  making  the  experiments  at  Mr.  Perkins's,  I  happened  to  grasp  the  pipe  close  below  the 
indicator,  in  order  to  steady  my  body,  and  bring  my  eye  as  near  the  dial-plate  as  I  could,  to  observe 
the  motion  of  the  index,  on  suddenly  letting  on  the  steam  of  26  atmospheres.  It  immediately 
afterwards  occurred  to  me  that  my  hand  would  have  been  burnt  if  tlie  steam  had  mixed  with  the  air, 
and  reached  the  spot  where  my  hand  was  placed ;  but  this  was  not  the  case,  as  the  pipe,  though  hot 
from  conduction,  could  be  grasped  (at  the  commencement  of  the  experiments)  notwithstanding  that 
the  steam  pipe,  on  the  other  side  of  the  cock,  had  the  temperature  due  to  that  of  the  steam.  The 
pipe  full  of  air  was,  as  above  stated^  about  a  yard  in  length ;  and  this  phenomenon  clearly  shows 
that  the  force  of  the  steam^s  instantaneous  action,  or  of  such  portion  of  it  as  reached  the  indicator 
piston,  was  transmitted  by  tlic  air  in  mass,  as  if  a  diaphragm,  or  piston,  had  separated  the  columns 
of  steam  and  air.  There  was  no  time  for  the  diffusion  of  the  gases  and  mixture  of  their  particles. 
The  space  and  substance  of  the  cock-plug  alone  divided  tlie  two  colimins ;  and  the  steam,  on  the 
sudden  and  ftill  removal  of  this  obstacle,  must  have  effected  its  impact  un  the  air,  much  after  the 
manner  of  a  solid  or  liquid  body  moving  at  the  same  velocity.  It  seems  to  be  a  settled  physical 
fact,  that  a  pulse  of  air  cannot  be  made  to  move  at  a  greater  velocity  than  that  of  sound,  or  at  a 
rate  exceeding  about  1,300  feet  per  second.     It  is  distinctly  seen  from  the  experiments  detailed. 
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that  the  velocity  and  momentum  of  steam  increaae  with  its  elasticity,  but  the  phenomena  exhibited 
by  the  impact  of  one  elastic  fluid  on  another,  coupled  with  our  ignorance  of  the  velocity  of  steam, 
and  with  the  fact  of  iu  force  being  transmitted  to  the  meters,  in  every  case,  by  an  elastic  fluid,  show 
that  the  construction  of  an  instrument,  as  well  as  its  positioQ,  for  truly  measuring  the  amount  of 
persuasive  action,  require  much  consideration. 

J.  P. 


Erratyjh.-^I  take  this  occasion  of  correcting  an  error  of  computation  in  the  last  paragraph  of 
page  153  of  this  volume.  It  is  there  stated  that  the  ineffective  portion  of  the  steam  consumed  by  the 
engine  in  question  was  only  about  -^V^h,  or  2J  per  cent,  of  the  total  quantity.  The  loss,  however, 
amounted  to  about  20  per  cent. ;  the  ratio  of  the  volumes  of  steam  and  water  cousumed  for  the 
observed  pressure  being  911,  instead  of  771,  as  in  the  text.  This  error  in  no  d^^ree  affects  the  quan- 
tities set  down  in  Table  VI.  respecting  the  performance  and  consumption  of  the  engine  j  it  has  reference 
only  to  the  observations  contained  in  the  paragraph. 

J.  P. 
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XIX. — On  the  Ciratmstances   under  which    Kxplosiomt  frefincntly  occur   in 
Steam  Boilers,  and  the  Causes  to  which  such  Ejcplosions  may  be  assigfied. 

By  CHARLES  SCHAFHAEUTL,  M.D.,  Assoc.  Inau  C.  E. 

Read  March  30.  1840. 

Of  the  explosions  which  occur  in  steam  boilers,  it  may  with  reason  be  assumed, 
that  a  very  large  proportion  must  be  assigned  to  some  other  cause  than  the 
simple  pressure  of  the  steam  due  to  the  accumulation  of  a  surplus  quantity  in 
the  boiler,  or  the  overloading  of  the  safety  valve,  since  many  cases  of  explosions 
have  occurred  in  which  it  has  been  ascertained  beyond  all  doubt  that  the  safety 
valve  was  in  perfect  order,  and  also  cases  in  which  it  had  acted  immediately 
before  tlie  explosion,  or  was  even  in  action  at  the  instant  of  that  occurrence. 

Undoubted  and  indisputable  facts  of  this  nature,  and  the  considerations 
hereafter  referred  to,  show  that  these  calamitous  occurrences  must  be  referred 
to  other  causes  than  the  gradual  increase  of  pressure  in  the  steam,  or  defects  ia 
the  ordinary  safety  valve. 

The  pressure  which  hollow  vessels  will  sustain  witliout 
bursting,  so  long  as  that  pressure  is  added  gradually  and 
by  small  accessions,  would  scarcely  be  suspected  or  credited  without  trial.  In 
an  extensive  series  of  experiments,  I  found  that  the  substance  of  metallic  boilers 
was  almost  uniformly  reduced  in  thickness  by  the  action  of  a  continuously 
increasing  pressure  within.  Boilers  under  these  circumstances  exhihited  no 
signs  of  rending;  and  in  several  cases  the  boiler  sustained  an  internal  pressure 
double  that  which  it  might  reasonably  have  been  expected  to  bear. 

In  an  experiment  of  Cagniard  de  la  Tour,  a  glass  tube  one-fourth  part  filled 
with  water  was  hermetically  closed,  and  inserted  in  a  bath  of  metallic  zinc, 
which  was  carefully  heated  until  its  temperature  was  sufficient  to  convert  the 
water  entirely  into  steam.  The  temperature  of  this  bath,  as  ascertained  by 
Daniell's  pyrometer  (a  proper  correction  being  made  for  the  expansiou  accord- 
ing to  the  coefficient  of  Dtilong  and  Petit)  was  755**  F.  According  to  the 
formula  of  the  same  eminent  philosophers,  the  pressure  of  the  steam  at  tliat 
temperature  would  have  been  4382  lbs.  per  square  inch,  but  with  a  relative 
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volume  of  10*24  ;  therefore  only  0*39  of  the  water  would  have  been  converted 
into  steam ;  but  as,  according  to  Cagniard  de  la  Tour,  the  whole  of  the  water 
was  converted  into  steam,  a  temperature  of  at  least  945°  F.  would  have  been 
necessary  to  reduce  the  relative  volume  of  steam  to  4,  and  a  corresponding 
pressure  of  13,000  lbs.  jjer  square  inch,  or  more  than  866  atmospheres  pressure 
would  have  existed  in  the  tube. 

In  repeating  the  experiments  of  Cagniard  de  la  Tour,  I  subjected  glass  tubes 
of  from  1  to  2  inches  in  length,  containing  steam  of  an  elastic  force  of  not  less 
than  400  atmospheres  to  an  external  pressure  in  the  bath  of  zinc,  of  from  1  to 
40  lbs.,  without  breaking  them ;  and  the  tubes  under  this  iutemal  pressure 
would  bear  considerable  pressure  with  an  iron  rod  so  long  as  the  pressure  wa» 
gently  applied ;  but  if  one  end  of  the  rod  were  pressed  against  tlm  glass  tube, 
and  the  rod  made  to  vibrate  longitudinally  by  rubbing  it  with  a  leather  glove 
covered  with  resin,  the  tube  was  invariably  shattered  to  pieces. 

In  this  case  we  have  a  distinct  illustrdtion  of  the  effect  of  something  besides 
the  simple  excess  of  pressure  of  steam  iu  a  boiler,  in  causing  a  disruption  of  its 
parts,  or  an  explosion,  in  a  great  variety  of  experiments  which  I  made,  with 
the  view  of  elucidating  tliese  points,  I  found  that  any  vibrator}'  motion,  or  any 
motion  communicated  to  the  l)oiler  at  intervals  in  an  irregular  manner,  were 
extremely  likely  to  produce  a  disruption  of  the  parts,  or  an  explosion*  These 
considerations,  together  with  the  circumstance  that  in  very  many  cases  of 
explosions  we  may  fairly  presume  the  safety  valve  to  have  been  of  no  use,  may 
lead  us  to  consider  whetlier  in  all  cases  of  explosions  there  may  not  have  been 
in  action  a  force  momentary  in  its  nature,  tearing  asunder  the  plates  of  the 
boiler  at  the  instant  of  its  generation,  and  before  there  was  time  for  its  trans* 
mission  to  the  safety  valve. 

The  existence  of  a  force  of  this  nature,  sudden  in  its  origin,  and 

instantaneous  in  its  duration,  has  suggested  itself  to  many  minds, 
and  some  persons  have  been  inclined  to  ascribe  it  to  the  presence  of  hydrogen 
generated  by  the  decomposition  of  water;  but  besides  the  great  difficulty  of 
generating  a  large  quantity  of  hydrogen  in  steam-boilers,  it  could  never  cause 
an  explosion  without  tlie  presence  of  oxygen  or  atmospheric  air,  and  even  this 
explosive  compound  would  not  take  fire  when  mixed  with  iVths  of  its  own 
volume  of  steam,  as  I  have  proved  conclusively  by  the  following  experiment ; — 
I  introduced  into  the  shorter  end  of  a  glass  tube  bent  in  tlie  form 

of  a  syphon  a  mixture  of  one  volume  of  hydrogen  and  two  volumes 
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of  atmospheric  air.  The  gases  wore  then  confinod  in  the  tube  by  raeans  of 
mercury,  and  subjected  to  a  pressure  of  an  atmosphere  and  a  half.  A  small 
quantity  of  water,  the  weight  of  which  was  accurately  calculated  according  to 
the  required  volume  of  the  gas  in  the  experiment,  was  allowed  to  be  absorbed 
by  a  texture  of  asbestos,  and  then  by  means  of  a  wire  the  asbestos  was  conducted 
through  the  mercury  into  the  mixture  of  gases  contained  in  the  tube.  The 
tube  was  then  placed  in  an  iron  cylinder  filled  with  mercury,  and  kept  at  a 
temperature  of  about  236°  F. ;  the  closed  end  of  the  glass  tube  was  then  care- 
fully heated  by  means  of  a  blow-pipe  to  a  red  heat,  for  the  purpose  of  causing 
an  explosion.  The  following  were  the  results  of  the  experiments : — One 
volume  of  the  explosive  mixture  with  iVth  of  its  volume  of  steam  exploded  and 
broke  the  tube.  The  same  result  took  place  with  Aths  of  its  volume  of  steam, 
and  with  almost  the  same  violence ;  with  Aths  of  its  volume  of  steam,  but 
with  less  violence;  with  Aths  of  its  volume  of  steam,  but  with  still  less 
violence;  with  Vvths,  or  one  half  of  its  volume,  a  very  feeble  explosion  took 
place  just  as  the  heated  glass  tube  began  to  be  extended  by  the  pressure  of  the 
gas.  With  iVths  of  its  volume  of  steam  only  one  explosion  took  place,  though 
the  experiment  was  tried  six  times;  and  with  /vths,  and  all  greater  proportions 
of  steam  to  gas,  up  to  two  volumes,  no  explosion  could  be  procured. 

From  these  experiments  we  may  conclude  that,  even  if  an 

explosive  mixture  were,  formed  in  a  boiler,  no  explosion  could 
ever  take  place  unless  its  volume  were  at  least  double  that  of  the  steam,  which 
under  any  circumstances  is  highly  improbable,  and  unless  the  boilers  were 
almost  dry,  next  to  impossible. 

The  very  ingenious  paper  by  Mr.  Josiah    Parkes  on  the 

action  of  steam  in  Cornish  engines  induced  me  to  turn  my 
attention  to  the  effect  of  the  sudden  development  of  an  action  in  steam-boilers, 
and  to  investigate  analytically  the  laws  of  the  concussion  of  liquid  and  gaseous 
bodies ;  the  details  of  these  investigations  I  shall  hope  soon  to  be  able  to  lay 
before  tlie  Institution.  On  the  present  occasion  I  have  to  offer  some  practical 
observations  on  the  effect  of  sudden  changes  of  pressure  within  a  boiler,  due  to 
the  sudden  generation  of  steam  as  distinguished  from  the  uniform  and  regular 
increase  of  pressure  due  to  accessions  of  steam  gradually  generated  and  accu- 
mulating by  degrees. 

There  is  at  present  only  one  mode  in  use  for  converting  water  into  steam, 
viz.  by  successively  adding  a  small  proportion  of  caloric  to  a  relatively  immense 
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body  of  liquid  ;  but  all  the  heat  imparted  in  successive  intervals  of  time  to  a 
given  quantity  of  water  might  be  imparted  in  one  unit  of  time.  For  example, 
if  a  drop  of  water  be  put  on  a  blacksmith's  anvil,  and  a  bar  of  iron  be  heated  to 
a  white  heat,  or  until  it  becomes  covered  with  a  layer  of  liquid  slag,  and  the 
bar  be  laid  iu  this  state  on  the  drop  of  water  and  struck  with  a  heavy  hammer, 
the  liquid  slag  on  the  surface  of  the  iron  will  comnmnicate  its  caloric  at  once 
to  the  water,  the  slag  becoming  solid  at  the  same  instant  that  tlie  water  is  con- 
verted into  vapour,  with  a  loud  report  similar  to  that  of  a  gun.  This  is  an 
extreme  case ;  but  a  nearly  similar  occurrence  may  take  place  in  a  steam-boiler 
where  a  quantity  of  water  is  suddenly  thrown  in  contact  with  the  overheated 
bottom  plate  of  the  boiler,  either  from  a  sudden  motion  of  the  vessel,  or  from  a 
portion  of  incrustation  giving  way,  and  opening  at  one  instant  a  passage  for 
the  water  to  the  red  liot  plate. 

In  a  high  pressure  boiler,  the  sudden  separation  of  a  deposit  causes  first  a 
diminution  of  the  quantity  of  evaporation,  and  immediately  afterwards  a 
sudden  bursting  up  of  steam,  which  very  often  endangers  the  boiler.  This 
separation  of  deposit  may  be  occasioned  or  promoted  by  a  sudden  opening  of 
the  safety  valve,  or  by  a  rapid  increase  of  heat  causing  a  sudden  ebulhtion  in 
the  water. 

In  all  cases  where  a  sudden  explosive  development  of 
steam  takes  place  in  the  boiler,  the  first  and  principal  part 
of  its  action  is  directed  against  the  place  of  its  development ;  that  is,  against  the 
bottom,  or  even  the  sides  of  tlie  boiler,  then  spreading  itself  through  the  water, 
and  finally  through  the  steam  to  the  top  of  the  boiler. 

Let  us  consider  this  last  circumstance  more  closely.  The  boiler  is  supposed 
to  be  filled  with  two  fluids,  water  and  steam,  superposed  in  equal  or  unequal 
heights  or  depths :  if  we  now  assume  that  a  small  body  is  made  to  explode  on 
the  surface  of  the  water,  the  moving  particles  of  the  generated  gas  will  com- 
municate their  motion  of  course  at  the  same  time  to  the  molecules  of  water  as 
well  as  steam  nearest  to  them  ;  but  as  both  fluids  are  elastic  and  compressible, 
though  in  very  different  degrees,  the  imparted  motion  will  not  be  transmitted 
instantaneously  through  the  whole  mass  :  the  molecules  of  the  water  and  steam 
nearest  to  the  exploding  body  will  be  compressed  only  for  a  small  depth,  which 
compression  will  communicate  itself  successively  to  the  next  and  succeeding 
molecules  of  the  fluids,  till  the  motion  like  the  undulation  of  a  wave  finally 
arrives  at  and  is  communicated  to  the  sides  of  the  boiler.     But  the  velocity 
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with  which  this  takes  place  depends  on  the  power  the  fluids  ia  question  have 
for  conducting  undulatory  motions,  that  is,  on  their  compressibility.  Accord- 
ing to  Laplace*s  formula,  we  obtain  for  the  conducting  power  of  steam  at  a 
pressure  of  four  atmospheres  and  294-1"  F.,  1041-34  feet  per  second,  and  for 
water  6036'88  feet.  The  ratio  of  the  different  conducting  powers,  or  of  the 
velocities  of  the  waves  in  the  respective  media,  is  as  I  to  5'7,  that  is,  the  wave 
created  by  the  explosion  or  the  sudden  pressure  is  transmitted  through  the 
water  5*7  times  faster  tJian  through  tlie  steam,  and  consequently  the  action 
wiU  be  exerted  on  the  bottom  and  sides  of  the  boiler  in  -^-r  of  the  time  that  it 
is  exerted  on  the  equidistant  parts  in  contact  with  the  steam.  Now  as  the 
safety  valve  can  only  receive  the  action  transmitted  through  the  steam,  the 
part  of  the  containing  surface  at  which  it  is  situate  will  not  in  general  be  the 
first  part  of  the  surface  to  receive  the  action  so  transmitted. 

From  this  it  follows  that  the  first  effect,  spreading  from  the  centre  of  the 
boiler  or  the  surface  of  the  water,  will  in  general  reach  the  sides  and  bottom  of 
the  boiler  sooner  than  the  safety  valve ;  and  if  we  consider  it  to  originate  at 
successive  depths  of  the  water,  the  denominator  of  tlie  fraction  expressing  the 
ratio  of  transmission  will  decrease  as  the  numerator  iucreases.  When  the 
explosion  takes  place  near  the  bottom,  the  time  in  whicli  the  wave  or  sudden 
pressure  reaches  the  safety  valve  is  now  the  sum  instead  of  the  difference  of  the 
two  velocities. 

It  may  be  objected  that,  notwitJistanding  the  relative  difference  between 
the  two  velocities,  the  quantity  of  both  velocities  is  so  great  that  their  sum  or 
their  difference  may  be  considered  infinitely  small  in  respect  to  tlie  space  it  has 
to  pass  through;  but  in  comparison  with  the  momentary  action  of  the  ex- 
plosion, the  high  numbers  of  the  velocities  lose  nothing  of  their  value  as  a 
constant  quantity,  and  there  is  sufficient  time  to  admit  of  the  rupture  of  the 
material,  which  would  have  yielded  by  its  own  elasticity  had  the  ratio  been 
less  sudden  in  its  origin.* 

A  good  illustration  of  this  law  is  the  well  known  fact  that  a  ball  shot  from 
a  rifle  will  pass  through  a  pane  of  glass  without  splintering  it :  but  a  very 
striking  illustration  of  the  case  at  present  before  us  is  tlie  passing  of  a  cannon 

*  The  well  known  physic&l  law,  tb&t  in  the  communication  of  motion,  and  in  the  generation  and 
destruction  of  momentum,  time  must  he  consumed,  and  tliat  the  nature  of  the  effects  produced  will 
depend  on  the  time  which  is  consumed,  or  on  tlie  period  of  duration  of  a  given  action,  ia  a  law  or 
ascertained  fact  which  hae  beea  but  little  regarded  iii  corapariBou  with  its  great  importance. 
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ball  through  a  board,  leaving  only  a  very  small  opening  in  comparison  with  the 
diameter  of  the  striking  sphere.  The  ball  breaks  only  the  part  of  primary 
contact ;  tlien  the  compression  of  the  wood  begins  from  the  centre  of  contact  to 
the  equator  of  tlie  ball,  and  then  the  elastic  force  of  the  wood  closes  the  opening 
again,  preventing  in  its  return  tlie  further  spreading  of  the  force. 

The  following  experiments  give  a  further  proof  of  tJiese  circumstances : — If 
we  ignite  a  grain  of  gimpowder  on  the  scale  of  a  very  sensible  balance,  accu- 
rately counterpoised  by  a  grain  weight,  a  slight  motion  will  be  first  communi- 
cated to  the  scale  of  the  balance  in  the  opposite  direction  in  which  it  is  thrown 
by  the  counterbalancing  weight.  If,  on  the  contrary,  we  explode  a  grain  of 
chloride  of  nitrogen  on  the  same  scale  of  the  balance,  a  hole  is  broken  at  the 
instant  of  the  explosion  through  the  scale  where  the  chloride  lay,  and  the 
balance  follows  undistnrl)ed  the  action  of  the  counterpoise. 

As  a  small  yielding  or  elongation  of  the  boiler  plates  in  a  direction  parallel 
to  their  sides  would  prevent  all  explosions  of  this  kind,  I  endeavoured  to  ascer- 
tain by  experiments  as  near  as  possible,  and  on  a  sufficiently  large  scale,  the 
quantity  of  elongation  which  would  take  place  before  giving  way  to  a  breaking 
force  suddenly  applied. 

An  iron  wire  four  feet  in  length  was  selected  for  the  experiment :  it  was  to 
be  fixed  vertically,  and  the  breaking  force  applied  to  its  lower  end.  In  order 
to  accomplish  this  object,  I  enclosed  four  inches  of  its  upper  end  between  two 
steel  brackets  fitted  to  the  diameter  of  the  wire,  and  secured  the  whole  as  firmly 
as  possible  between  the  jaws  of  a  large  vice  which  was  fixed  horizontally  on  a 
solid  vertical  stone  pillar  so  that  only  three  inches  distance  was  left  l)etwixt  the 
wire  and  the  pillar.  The  lower  end  of  the  wire  was  now  likewise  secured  in  a 
similar  way  in  the  jaws  of  anotlier  vic«,  after  it  had  l>een  pushed  tlirough  the 
slit  of  a  strong  cast  iron  lever  of  the  second  order  four  feet  long  from  the  centre 
of  the  fulcrum  to  the  centre  of  the  application  of  the  force.  The  lever  rested 
in  this  way  on  the  jaws  of  the  lower  vice  at  a  distance  of  three  feet  from  its 
fiilcrum,  and  one  foot  from  the  centre  of  the  power,  to  which  latter  a  scale  was 
applied,  and  the  whole  apparatus  counterbalanced  so  as  not  to  disturb  the 
result.  Weights,  each  ten  pounds,  were  now  gradually  and  successively 
applied  :  with  18  cwt.  the  wire  began  to  stretch  ;  22  cwt.  stretched  it  *298  of 
its  entire  length,  which  was  three  feet  clear ;  and  23*2  cwt.  tore  the  wire  asunder. 

Other  wires  of  the  same  sort  of  iron  were  now  fixed  in  the  sanie  way,  only 
the  scales  were  removed  and  a  parallelopipedon  of  cast  iron  was  placed  on  a 
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strong  foundation  under  the  short  end  of  the  lever  near  the  jaws  of  the  lower 
vice,  80  tliat  when  the  end  of  the  lever  was  loaded  with  10  cwt.  the  distance  of 
the  lower  end  of  tlie  lever  from  the  cast  iron  purallelopiped  was  just  the  -yVtL 
of  an  inch,  as  the  distance  which  1  allowed  it  to  stretch. 

.Over  the  centre  of  the  free  end  of  the  lever,  where  the  scales  had  been 
applied,  was  suspended  a  weight  of  81*76  lbs.  with  a  rounded  end,  at  a  distance 
of  7*58  feet,  and  then  suddenly  and  carefully  liberated  from  its  point  of  sus- 
pension. It  is  evident  that  by  touching  in  its  fall  the  shorter  end  of  the  lever 
it  ci'eated  a  pressure  of  nearly  22  cwt.  on  the  suspended  wire,  a  weiglit  which, 
slowly  applied,  stretched  the  iron  wire,  as  before  mentioned,  *289  of  its  entire 
length ;  bnt  by  the  cast  iron  pillar  below  not  more  than  -^Vth  of  an  ujch  was 
allowed  for  stretching.  Nevertlieless,  the  wire  which  supported  a  dead  weight 
of  22  cwt.  very  well,  broke  invariably  when  the  same  weight  was  suddenly 
applied  in  twelve  different  experiments.  The  same  effect  took  place  five  times 
in  twelve,  when  the  weight  was  falling  only  through  a  space  of  six  feet.  The 
cross  fracture  of  the  rod  was  even,  and  its  wliole  lengtli  was  found  to  be  not  at 
all  altered,  a  proof  that  it  had  not  stretched  before  it  broke. 

I  do  not  consider  it  out  of  place  here  to  mention  some  rathej*  unexpected 
results  which  I  obtained  by  experiments  made  on  iron  rods  and  railway  bars. 
Two  rods  of  the  same  size,  one  of  English,  close  grained,  and  the  other  of  long 
fibrous  tough  iron,  were  strained  with  the  same  weights,  applied  gradually. 
Their  strength  was  found  to  be  just  in  an  inverse  ratio  by  changing  the  mode 
of  application  of  the  load  ;  the  fibrous  iron,  which  was  fouud  to  be  strongest 
under  the  gradual  application  of  the  load,  was  found  to  break  by  tlie  sudden 
application  of  the  same  load.  The  same  circumstance  occurred  in  testing  the 
transverse  strength  of  iron  bars :  the  toughest  but  ojien  fibrous  iron,  which  was 
capable  of  being  doubled  by  a  gradual  application  of  the  force,  broke  invariably 
short  when  the  same  load  was  suddenly  applied  ;  on  the  contrary,  a  rail  of 
granulated  iron,  which  would  bear  bending  only  in  a  slight  degree  before  it 
cracked,  resisted  the  same  load  suddenly  applied  perfectly  well — facts  which 
appear  worthy  of  cousidemtion  in  selecting  or  preparing  iron  for  boiler  plates, 
which  ought  to  be  chosen  with  the  closest  possible  grain,  as  there  the  sudden 
action  of  the  rending  force  is  most  to  be  feared. 

To  return  to  our  subject  again  : — As  the  views  and  ideas  advanced  in  tlie 
former  j)art  of  this  paper  were  only  derived  by  merely  viewing  the  circum- 
stances theoretically,  I  at  once  proceeded  to  confirm  or  rcfiite  those  ideas  by 
experiment. 

N  N  N  2 
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.    ,  ,         I  placed  a  hollow  cylinder  2^  inches  Ions:  and  about  ] 

pr«c«HiPKtir»».  ^jjjjj^  internal  diameter  vertically  on  three  legs  three  inches 
long;  to  the  upper  and  lower  end  moveable  flat  lids  or  plates  were  fitted  air 
tight,  and  fixed  ynih  their  moveable  centres  to  two  arms  or  levers  of  the  first 
kind,  bent  in  the  form  of  an  S,  which  reached  back  to  a  pillar  as  their  fulcrum, 
wliich  carried  a  vertical  disk  whose  half  circumference  was  toothed  like  a 
ratched  wheel.  To  the  centre  of  this  disk  and  on  either  side  were  attached  the 
two  arms  or  S  levers,  carrying  the  plates  or  lids  on  one  end  ;  and  near  to  the 
ratchet  wheel  a  click,  in  order  to  retain  both  arms  at  every  distance  to  which 
they  might  be  thrown  off  in  the  direction  of  the  axis  of  the  cylinder.  The 
lower  plate  or  lid,  carr\'ing  a  scale  attached  underneath  to  its  centre,  was  now 
placed  so  as  to  close  the  lower  end  of  the  cylinder^  into  which  water  was 
poured  to  the  height  of  0*86  of  its  entire  length,  and  then  the  opjwsite  end  of 
the  lever  loaded  till  one  ounce  weight  in  the  scale  would  open  the  lid  slightly 
and  permit  the  water  to  escape. 

Tlic  upper  lid,  with  its  lever,  was  now  nicely  counterpoised,  and  the  ounce 
weight  from  the  scale  below  removed  and  placed  on  the  upper  lid,  in  order 
that  both  lids  might  be  pressed  with  equal  force  against  the  openings.  The 
cylinder,  filled  to  0*86  of  its  height  with  water,  resembles  in  this  state  a  sort  of 
boiler,  the  top  and  bottom  of  which  are  moveable,  jnelding  to  a  force  exerting 
the  pressure  of  an  ounce  :  the  steam  of  course  was  represented  by  common  air. 

The  following  diagram  will  convey  a  correct  idea  of  the  apparatus  above 
described : — 
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TTie  next  object  was  to  cause  an  explosion  at  the  surface  or  at  any  depth  of 
the  water  contained  in  the  cylinder,  and  I  readily  obtained  this  object  by 
means  of  a  globule  of  potassium. 

The  affinity  of  potassium  for  oxygen  is  the  greatest  of  all  known  substances. 
Potassium,  therefore,  on  coming  iu  contact  with  water,  decomposes  the  latter 
with  great  rapidity,  developing  hydrogen,  a  process  which  may  be  considered 
in  our  experiment  analogous  to  the  generation  of  steam  from  boiling  water. 
But  potassium  has  another  pro|>erty  extremely  favourable  for  our  purpose. 
The  potassium,  after  its  combustion,  is  entirely  converted  into  potassa ;  this 
potassa  remaining  in  a  fused  state  as  a  globule,  which  combines  iu  one  instant, 
developing  at  once  a  still  higher  temperature,  with  16  per  cent,  of  water, 
causing  and  concluding  the  combustion  with  a  perfect  explosion. 

The  potassium  floats,  during  its  combustion,  at  the  surface  of  the  water. 
In  order  to  cause  its  action  under  water,  it  must  be  wrapped  loosely  in  white 
blotting  or  filtering  paper,  and  the  folds  tied  with  a  small  piece  of  lead  wire, 
which  sinks  it  to  the  bottom,  the  blotting  paper  at  the  same  time  preventing 
its  too  rapid  contact  with  the  water. 

If  we  now  take  a  large  globule  of  potassium  and  throw  it  into  the  small 
cylinder  on  the  surface  of  the  water  and  immediately  shut  the  lid,  the  com- 
bustion of  the  potassium  and  consequently  the  development  of  h3'drogen, 
commences  immediately;  and  when  the  quantity  of  potassium  was  lai^e,  the 
upper  lid  is  slightly  lifted  to  let  the  air  and  gas  escape  j  but  as  soon  as  the 
combustion  is  completed  and  the  explosion  takes  place,  the  upper  lid  closes, 
and  the  water  is  forced  out  through  the  lower  one  entirely  as  the  preceding 
theory  predicts. 

If  we  now  sink  another  globule  wrapped  in  blotting  paper  to  the  bottom  of 
the  water,  an  explosion  ensues  as  soon  as  the  water  penetrates  the  blotting 
paper,  and  water  and  burning  potassium  are  at  once  thrown  out  at  the  lower 
end  without  moving  the  upper  lid  at  all. 

But  even  a  less  violent  explosive  mixture,  which  developes  its  power  more 
successively,  as  gunpowder  in  an  unconfined  state,  acts  in  the  same  way. 

1  prepared  wax  paper  by  placing  tliin  paper  on  a  sheet  of  met-al,  heated  to 
the  melting  point  of  wax,  and  rubbing  the  surface  of  such  paper  with  a  lump 
of  bees*  wax  until  it  was  entirely  saturated  with  it.  From  this  paper  cartridges 
were  formed  about  half  an  inch  in  diameter  and  about  the  same  length,  closed 
on  the  one  end  by  folding  the  paper  slightly  over  it,  the  joints  easily  adhering 
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together  by  being  exposed  only  to  a  slight  degree  of  heat.  Nine  grains  of 
gunpowder  were  now  wrapped  in  a  small  bag  of  writing  pai>er,  of  a  diameter 
just  to  fill  the  cartridge,  the  folds  of  which  on  one  end  were  only  slightly 
twisted  together  with  the  fingers,  and  the  bag  pressed  into  the  cartridge  with 
its  twisted  end  downwards.  A  small  piece  of  potassium  like  a  lentil,  placed 
betwixt  a  small  piece  of  blotting  paper,  the  edges  of  which  were  loosely  folded, 
was  then  placed  in  the  centre  of  the  surface  of  the  gunpowder  bag  and  covered 
with  a  wadding  of  two  single  disks  of  filtering  paper,  a  little  larger  in  dia- 
meter than  the  cartridge,  and  finally  the  closely  filled  cartridge  covered  with 
another  larger  disk  of  blotting  paper,  the  edge  of  which  was  bent  and  folded 
down  the  sides  of  the  Ciirtridge  and  held  there  firmly  by  a  ring  of  thin  lead 
wire  of  3^  inches  long  and  of  8  grains  weight. 

The  cartridge  charged  in  this  manner,  weighing  45  grains^  when  quickly 
thrown  into  the  water,  explodes  in  about  5  seconds. 

The  effect  of  the  explosion,  when  tlie  moutli  of  the  cartridge  is  kept  down- 
wards, is  invariably  to  throw  tiie  lower  lid  from  the  opening  about  H  inches, 
leaving  the  upper  one  untouched,  although  the  combustion  goes  on  ratlier 
slowly,  and  a  great  portion  of  the  gunpowder  is  forced  out  without  being 
burnt. 

If  the  bottom  of  the  cartridge  is  formed  of  blotting  paper  only,  by  bending 
a  disk  of  blotting  paper  over  a  wooden  cylinder  of  the  same  diameter  as  the 
cartridge,  aud  holding  the  folds  forming  the  sides  of  it  simply  by  surrounding 
them  with  a  slip  of  warm  wax  paper,  this  capsule  is  able  to  float  at  the  surface 
of  the  water.  If  then  a  disk  of  double  filtering  paper  is  put  on  the  bottom, 
(the  potassium  wrapped  slightly  in  a  double  piece  of  blotting  paper  with  folded 
edges  as  before,  and  a  capsule  of  writing  paper  containing  the  gunpowder 
placed  immediately  upon  it,)  the  gunpowder  will  be  ignited  from  below  whilst 
the  capsule  is  floating  at  the  surface  of  the  water. 

By  this  means  we  see  remarkably  well  the  progress  of  the  combustion  going 
on  with  the  gunpowder.  Tlie  gunpowder,  without  confinement,  ignited  from 
below,  throws  the  uppermost  grains  in  the  air,  where  they  become  ignited,  and 
the  whole  product  of  the  combustion  is  deposited  on  the  lid  in  a  beautiful 
ramified  web-like  layer.  The  sides  of  the  cylinder  show  only  traces  of  this 
weh  near  the  lid.  But  even  in  this  instance,  where  the  whole  combustion 
goes  on  entirely  in  the  air  chamber  and  nearest  to  ihe  lid,  the  lower  lid  is  at 
the  same  instant  throNvn  open  and  to  the  same  distance  as  the  upper  one. 
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If  now,  instead  of  placing  the  capsule  with  the  gunpowder  open  upon  the 
potassium,  we  close  this  capsule  up  so  as  to  confine  the  gunpowder  and  prevent 
as  much  as  possible  its  being  thrown  into  the  air  before  it  is  thoroughly  ignited, 
the  lower  lid  is  generally  thrown  open  twice  the  distance  of  the  upper  one ; 
and  in  short,  the  relative  distance  to  which  both  lids  are  thrown  seems  to  be 
somewhat  as  the  distance  of  the  exploding  gunpowder  from  each  of  them. 

The  fulminates  of  gold,  silver,  and  quicksilver,  act  with  still  more  decisive 
effect,  but  the  final  result  of  all  these  exi)erinients  is  that,  under  certain  cir- 
cumstances, the  exclusive,  and  in  all  cases  the  most  powerful,  action  of  the 
exploding  preparation  takes  place  on  the  lower  lid  or  on  the  bottom  of  the 
cylinder. 

The  results  of  the  preceding  experiments  must,  I  conceive, 
be  considered  in  every  respect  in  perfect  accordance  with  the 
conclusions  derived  from  the  theoretical  views  and  calculations  already  ad- 
vanced, and  I  may  be  permitted  to  assume  that  tlie  action  due  to  any  sudden 
increase  of  pressure  will  be  transmitted  tlirough  the  water  and  through  the 
steam  according  to  rates  at  which  a  wave  is  transmitted  through  them  re- 
spectively. If,  then,  the  sudden  increase  of  pressure  arise  from  the  sudden 
generation  of  steam  near  the  sides  or  bottom  of  a  boiler,  as  on  the  exposure  of 
a  red  hot  portion  of  the  plates  to  the  water,  or  from  any  other  cause  which 
may  produce  such  sudden  increase  of  pressure,  the  bottom  or  sides  of  tlie  boiler 
will  receive  the  action  consequent  thereon  before  the  safety  valve,  and  thus  a 
boiler  may  explode  before  the  action  which  causes  that  explosion  has  had  time 
to  be  transmitted  to  the  safety  valve.  It  follows,  also,  from  the  preceding 
views,  that  a  boiler  must  receive  a  succession  of  these  transmitted  actions  or 
shocks,  and  though  the  first  may  not  have  been  sufficient  to  burst  the  boiler, 
any  shock  occurring  subse\juently  in  order  of  time  at  another  part  of  the  boiler 
may  produce  that  effect.  Also,  the  bursting  may,  as  it  were,  be  commenced 
by  the  first  and  completed  by  the  subsequent  shocks,  which  will  be  successively 
experienced  at  other  parts  of  the  boiler.  I  conceive  that  these  successive 
shocks  may  in  general  be  reduced  to  two,  the  one,  tJie  action  which  is  exerted 
at  the  bottom  of  the  boiler,  or  that  part  of  the  sides  immediately  contiguous  to 
the  point  at  which  the  sudden  action  is  at  first  produced;  the  other,  the  action 
which  takes  place  subsequently  and  almost  immediately  after  on  the  upper 
parts  of  the  boiler  in  contact  with  the  steam,  or  at  the  top  of  the  steam 
chamber. 
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In  addition  to  the  causes  of  sudden  actions  already  mentioned,  are  others  of 
constant  occurrence  and  of  too  much  importance  to  be  omitted  altogether  in 
this  communication, 

The  sudden  opening  and  sliutting  of  the  safety  valve  will  cause  a  sudden 
action  at  every  part  of  the  boiler,  which,  under  certain  conditions,  may  be 
higiily  dangerous.  Any  increase  in  the  intensity  of  the  fires  at  i>articular 
paj*ts  of  the  boiler  may  be  attended  with  similar  consequences;  and,  in  fact, 
any  of  the  various  causes  which  occasion  sudden  starts  of  the  steam  in  a  boiler, 
and  which  frequently  arise  from  the  saturation  of  the  water  with  certain 
earthly  salts,  as  sulphate  of  lime,  silicia,  and  alumina. 

The  causes  last  mentioned  cannot  be  conceived  likely  to  lead  to  the  dis- 
astrous consequence  of  an  explosion  so  long  as  the  boiler  is  unimpaired  by  use. 
But  the  rapidity  and  amount  of  the  change  which  takes  place  in  the  plates  of 
a  boiler,  subject  to  the  continuous  action  of  the  fire,  is  of  too  much  importance, 
as  the  following  cases  will  show,  to  be  passed  over  entirely  without  remark  on 
the  present  occasion. 

On  inspecting  the  edges  of  the  fracture  of  a  boiler  which  had  exploded  with 
considerable  force,  I  found  tliat  a  part  of  the  plate  ^vhich  hud  been  red  hot  had 
undergone  a  remarkable  change.  A  slip  of  the  upper  part  of  the  boiler,  1  inch 
in  breadth,  was  bent  to  nearly  a  right  angle,  by  applying  a  weight  of  3  cwt., 
whilst  a  slip,  exactly  of  the  same  size,  cut  out  of  the  part  which  had  been  red 
hot,  broke  by  an  application  of  2  cwt. 

The  fractured  end  of  this  slip  was  cut  off  and  polished  with  a  fine  file ;  and 
on  being  carefully  examined,  exhibited,  to  a  considerable  depth,  a  combination 
with  sulphur. 

On  a  careful  inspection  of  various  fragments  of  other  steam  boilers  which 
had  burst,  I  found  the  fractured  edges  always  changed  in  a  similar  manner; 
and  I  found  that  the  edges  of  a  piece  of  iron,  whicli  was  shown  to  me  as  a 
fragment  of  the  boiler  which  burst  on  Ixjard  the  Hull  steamer,  were  so  brittle 
that  a  sh'ght  stroke  of  the  hammer  was  sufficient  to  break  them  off;  and,  when 
put  into  a  retort  and  diluted  in  chlorydic  acid,  a  great  quantity  of  sul- 
phuretted hydrogen  was  perceptible,  the  exact  quantity  of  wliicli  I  wa8  eLabled 
to  ascertain  by  collecting  it  in  a  solution  of  nitrate  of  lead. 

By  this  experiment  it  appears  to  me  clearly  demonstrated,  that  the  iron 
plates  of  a  boiler  which,  by  the  pressure  of  steam  contained  in  them,  are 
always  kept  in  a  certain  degree  of  extension  by  the  flame  acting  upon  them 
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(especially  by  the  flame  of  pit-coal,  which  always  contains  a  quantity  of  sul- 
phureous acid,)  are  in  time  considerably  weakened,  as  the  texture  of  the  iron 
by  this  means  becomes  loosened ;  and  the  more  pyrites  the  coal  contains  the 
worse  it  will  be,  particularly  when  the  boiler,  by  the  sinking  of  the  water 
level,  is  often  allowed  to  get  into  a  highly  heated  or  an  incandescent  state,  and 
afterwards,  by  the  rising  of  the  level,  cooled  again. 

The  expansive  force  of  the  steam  always  tends  to  separate  the  fibres  of  the 
iron,  which,  in  addition,  is  kept  in  a  state  of  expansion  by  the  caloric  which  it 
imbibes  by  being  allowed  to  get  into  an  over  heated  or  incandescent  state. 
Afterwards  the  irresistible  contraction  of  the  doubly-expanded  metal,  caused 
by  its  coming  in  contact  with  the  water,  must  act  upon  it  in  a  very  powerftil 
and  detrimental  manner.  The  slightest  irregularity  in  the  generation  of  steam, 
which  occasions  its  developement  by  sudden  starts,  must  naturally  tend  to 
burst  such  a  weakened  boiler,  whether  the  sides  be  at  the  time  cool  or  in  a  state 
of  incandescence. 

The  considerations  and  experiments  contained  in  this  communi- 

Cooeliuioii. 

cation  open  a  somewhat  new  field  of  practical  research ;  and,  as  it 
would  appear  that  the  actions  on  the  bottom  of  the  boiler,  or  on  those  parts  in 
contact  with  the  water,  are  the  first  in  order  of  time,  the  importance  and  prac- 
ticability of  obviating  these  effects  is  naturally  suggested.  It  has  occurred  to 
me,  whether  some  additional  security  might  not  be  obtained  by  a  valve  pro- 
perly weighted  and  placed  at  the  bottom  or  lower  parts  of  a  boiler.  There  are, 
however,  various  considerations  of  importance  in  the  placing  and  construction 
of  such  a  valve,  and  I  content  myself  on  the  present  occasion  with  suggesting 
the  utility  and  practicability  of  such  a  contrivance  as  a  means  of  affording 
some  security  from  the  consequences  of  sudden  action  arising  from  the  causes 
which  have  been  mentioned. 

CHARLES  SCHAFHAEUTL. 
London,  March,  1840. 
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XX. — Remarks  on  the  Duty  of  the  Steam  Engines  employed  in  the  Mines  of 

Cornwall  at  different  periods. 

By  JOHN  S.  ENYS,  ESQ..  Absoc  In»t.  C.E.» 

Read  January  14,  1840. 

The  advantage  of  an  intimate  union  of  theoretical  and  practical  knowledge  in 
the  application  of  steam  power  will  be  readily  admitted,  and  the  certainty,  that 
in  case  of  diflerence  of  opinion  the  latter  ought  to  be  relied  on,  should  lead  us 
to  a  cautious  investigation  of  the  conditions  which  may  influence  the  results: 
it  will  be  the  object  of  my  remarks,  which  embrace  only  a  portion  of  tliis  subject, 
to  further  this  union  by  an  attempt  to  trace  the  progress  of  improvement  in 
Cornwall,  aud  to  poiut  out  some  of  the  principal  causes  by  which  it  appears  to 
have  been  effected ;  the  inquirj^  may  perhaps  be  found  deserving  of  attention, 
since  extravagant  and  umiefined  ideas  have  been  prevalent  in  Cornwall  of  an 
almost  unlimited  increase  of  duty,  while  elsewhere  the  reported  duty  has  been 
sometimes  treated  as  incredible  and  inconsistent  with  the  laws  of  Nature. 

I  would  observe  in  the  first  place  that  no  change  has  taken  place  in  the  use 
of  the  term  duty,  or  in  the  principles  of  its  calculation,  since  its  introduction  by 
Watt,  yet  it  may  have  been  materially  influenced  by  causes  unconnected  with 
the  engine,  viz.,  by  the  reduction  of  pitwork  friction,  and  the  greater  average 
depth  of  the  shails  from  which  the  water  is  drawn  ;  the  advantage  due  to  the 
former  cause  is  however  in  some  degree  counterbalanced  by  the  improvement 


*  The  author,  in  compliance  wiA  the  regulations  of  the  Inatitutjon  of  Civil  Engineen,  aoon  after 
his  aflmifsiun  as  an  Associate  forwarded  Remarks  on  Coruish  Eng^ines  to  that  Society,  an  abstract 
of  which  was  rear)  in  January,  1P40,  and  publiahcd  in  the  Minutes  of  that  Session.  At  tliis  period  it 
should  be  remcnibcred  that  a  duty  of  70  millions  had  been  discredited,  and  the  usual  proofii  had 
been  treated  as  inconclusive  by  many  persons. 

During  (he  last  two  yeant,  several  publications  and  numerous  discussions  have  rendered  this  sub- 
ject more  familiar  to  the  pubhc,  and  the  author's  opinions  on  several  points  have  undergone  some 
modification,  so  that  when  he  was  requested,  in  October,  lfl4I,  to  revise  the  paper  for  publication, 
it  seemed  most  advisable  that  notes  in  explanation  should  be  added. 

o  o  o2 
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of  the  actual,  in  proportion  to  the  calculated,  delivery  of  water,  arising  from  the 
better  workmanship  of  the  pitwork,  and  the  greater  attention  paid  to  the  state 
of  its  repair  by  the  managers  of  the  mines  under  whose  care  it  is  placed  to  the 
exclusion  of  the  engineers,  to  whom  the  construction  and  care  of  the  steam 
engine^  are  Ontrusted. 

In  calculations  necessary  for  the  comparison  of  the  power  and  work  performed 
by  steam,  it  will  be  convenient  to  estimate  the  force  and  space  of  action  of  the 
steam  on  the  piston  in  terms  similar  to  those  which  have  been  so  long  employed 
for  duty,  viz.,  of  lbs.  raised  one  foot  high  per  bushel  of  coal,  but  care  must  be 
taken  in  reference  to  the  older  duty,  to  raise  it  to  the  present  standard  of  the 
imperial  bushel  of  94  lbs.  of  Welsh  coal;  an  addition  of  5  per  cent,  to  the  duty 
of  the  Winchester  bushel,  is  an  approximation,  I  believe,  in  favour  of  the  old 
engines. 

In  1827  Mr.  Davies  Gilbert,  in  the  Philosophical  Transactions,  and  Mr. 
Tredgold,  in  his  work  on  Steam  Engines,  published  in  the  same  year,  brought 
forward  independent  investigations  respecting  the  power  to  be  derived  from 
steam,  and  both  parties  adopted  the  unit  of  one  cubic  foot  of  water;  the  former, 
in  reference  to  the  Cornish  idea  of  work  performed,  estimated  the  weight  of 
water  that  would  rise  34  feet  into  a  perfect  vacuum,  assumed  to  have  been  formed 
by  tlie  condensation  of  steam  of  atmospheric  pressure,  produced  from  one  cubic 
foot  of  water.  Tredgold,  on  the  contrary,  on  the  engineer*s  view  of  power, 
calculated  the  |>ower  that  could  be  exerted  on  a  piston  by  the  volume  of  steam 
of  atmospheric  strength  formed  from  one  cubic  foot  of  water,  obtained  by 
multiplying  together  the  pressure  per  square  foot,  and  the  space  through  which 
it  could  act.  The  results  will  be  similar  if  the  same  volumes  of  steam  are 
assumed — yet  the  method  of  Tredgold  seems  preferable,  since  it  can  be  extended 
to  the  steam  power  that  may  be  derived  from  steam  of  any  pressure,  as  shown 
in  the  Report  of  the  Cornwall  Polytechnic  Society  for  the  year  1835. 

Annexed  is  a  corrected  table  of  pressures  translated  from  the  French  tables  of 
Clement  Desormes,  in  which  the  French  estimate  of  the  atmosphere  is  taken  at 
29*92  inches  of  mercury. 

The  obstacle  to  the  general  application  of  the  correct 
method  of  expansion  pressure  calculations,  appears  to  have 
been  the  attempt  to  use  the  pressure  in  the  boiler  instead  of  the  pressure 
in  the  cylinder  at  the  closing  of  the  steam  valve,  as  the  basis  of  calculations 
of  the  gross  power  supplied  at  each  stroke  by  the  boilers,  and  of  the  gross 
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power  exerted  on  the  piston,  which  differs  from  the  former  wherever  expansion 
is  used. 

In  engines  not  worked  expansively,  the  boiler's  supply  is  a  measure  of  the 
steam  power — but  in  expansive  engines  an  addition  must  be  made  of  the  power 
derived  from  tlie  steam  after  the  communication  between  the  cylinder  and  boiler 
has  been  closed. 

A  practice  has  been  also  adopted  among  cng-ineers  of  deducting  the  resist- 
ances arising  from  the  imperfect  vacuum  from  the  Iwiler  pressure,  and  calling 
the  remainder  the  gross  power  on  the  piston,  and  of  occasionally  calculating 
the  expansion  pressures  at  different  parts  of  tlie  stroke  from  this  erroneous  basis ; 
this  seems  to  have  arisen  from  a  reference  to  indicator  diagrams  of  double  acting 
engines,  in  which  the  difi'erence  of  the  pressure  on  the  two  sides  of  the  piston  is 
shown. 

The  errors  due  to  the  belief  that  the  coneumption  of  fuel  was  proportional  to 
the  temperature,  which  at  one  time  led  to  the  expectation  of  an  enormous 
advantage  from  the  use  of  high  steam,  may  be  considered  as  entirely  exploded, 
and  tlie  necessity  of  the  introduction  of  the  wasted  atmosphere  in  comparative 
estimates,  where  steam  of  different  pressure  is  used,  is  also  acknowledged.  The 
atmosphere  wasted  in  high  pressure  engines  obviously  bears  a  different  ratio  to 
the  pressure  as  higtier  steam  is  employed,  and  the  loss  theoretically  becomes 
less;  in  practice  we  can  prevent  e8ca]>e  of  heat  by  perfect  clothing  of  the 
boilers  and  engines. 

1  shall  now  endeavour  to  show  that  the  Cornish  engines  are  worked  under 
such  conditions  that  a  large  proportion  of  the  advantage  of  the  expansive  action 
of  tlic  steam  is  rendered  available  on  the  piston  ;  but  previous  to  any  remarks 
on  this  point,  I  am  bound  to  advert  to  the  corrections  which  are  required  lu  the 
application  to  Cornish  engines  of  Boyle's  and  Marriotte's  law,  that  the  pressures 
of  elastic  fluids  are  inversely  as  the  volumes,  when  the  temperature  is  constant. 
In  the  first  place,  the  temperature  is  not  constant,  but 
decreases  in  an  unknown  ratio,  as  there  is  a  deficiency  of 
water  in  a  given  quantity  of  high  steam  to  produce  another  quantity  of 
lower  steam  of  a  density  exactly  proportional  to  the  volumes  of  expansion — 
yet  for  practical  purposes  the  pressures  may  be  assumed 
proportional  to  the  water  at  the  end  of  each  volume  of 
expansion,  unless  tlie  temperature  is  raised  by  the  effect  of  the  correction  due 
to  the  steam  jacket  usually  employed,  containing  steam  of  270*  Fahrenheit, 
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while  the  steam  in  the  cylinder  would  vary  during  five  times  expansion  of 
two  an<J  a  half  atmosphere  steam  from  2GO*  Fahrenheit  to  180°  Fahrenheit.* 

This  jacket  steam  has  also  a  tendency  to  produce  an  increase  of  pressure  by  the 
evaporation  of  water  due  to  priming,  or  the  admission  of  water  mixed  with  steam. 
Assuming  tliat  steam  of  2^  atmospheres  pressure  is  nominally  expanded  to  \ 
an  atmosphere  at  the  end  of  the  stroke,  we  should  have  about  5.93  grains  of 
water  at  the  end  of  the  stroke  according  to  the  tables  annexed  to  this  paper ; 
but  this  quantity  would  afford  only  1 19  grains  to  each  cubic  foot  of  expanded 
steam — now  steam  of  J  atmosphere  pressure  requires  135  grains  for  its  form- 
ation ;  the  deficiency  of  IG  grains  is  ^th,  but  as  it  is  probable  the  deficiency  of 
pressure  will  be  found  to  be  in  a  similar  ratio  to  the  deficiency  of  water  in  the 
expanded  steam,  capable  of  aft'ording  the  full  density  due  to  its  nominal  expan- 
sion, the  average  loss  of  pressure  during  5  limes  expansion  would  be  about -jV^- 
It  has  been  stated  to  me,  on  authority  on  which  I  place  confidence,  that 
extended  trials  of  the  steam  jacket  at  Wheal  Alfred  by  Woolf,  aftbrded  grounds 
for  the  belief  that  the  advantage  of  the  steam  jacket  amounted  to  10  per  cent., 
and  Mr.  Wickstccd  has  expressed  on  a  recorded  trial  a  similar  opinion.  Under 
these  circumstances  I  conceive  I  am  justified  in  balancing  these  corrections,  and 
in  using  the  common  theory  in  expansion  calculations,  believing  that  the  limits 
of  eiTor  will  not  exert  too  much  influence  in  the  comparison  with  reported  duty. 
In  mining  engines,  the  boiler  at  each  stroke  supplies  a  quantity  of  steam  to 
fill  the  space  through  which  the  piston  has  been  moved,  until  the  steam  valve 
is  closed,  and  also  a  smaller  portion  to  raise  the  clearance  steam  compressed 
by  tlic  preceding  stroke  to  an  equality  with  that  employed  to  move  the  piston.^ 

•  The  heat  expendeii  in  the  jacket  is  exclusive  of  that  employed  in  producing  the  evaporation. 
The  water  condensed  in  tlie  steam  jacket  is  always  in  Cornwall  returned  to  the  boilers,  but  at  least  ^ths 
of  the  heat  expended  during  its  conversion  into  steam  has  been  absorbed  ;  the  larger  portion  of  this 
tieat  is  probably  conmiunicaled  through  tlie  cylinder  to  the  steam  during  expansion  when  its  tern* 
pcrature  is  so  much  reduced,  and  tends  to  keep  up  its  pressure — but  tu  what  extent  the  most  accurate 
experiments  alone  can  determine. 

The  jacket  steam  is  considered  of  value  tn  keeping  the  top  and  hottom  of  the  cylinder  at  an  equal 
temperature,  hut  there  scema  no  direct  pnwf  in  favour  of  thia  opinion. 

t  The  words  compressed  steam  refer  to  the  appearances  shown  by  indicator  diagrams  toward  the 
end  of  the  out-door  stroke.  When  the  equilibrium  valve  is  freely  opened,  the  unbalanced  weight  of 
rods  produces  out-door  velocity,  which  is  checked  and  brought  to  rest  by  the  increase  of  the  steam 
pressure  above  the  piston,  acting  through  a  given  space  by  resistance  to  compression.  In  case  an 
engine,  or  rather  the  pitwork,  is  out  of  balance,  or  the  water  in  fork,  and  the  pumps  arc  not  full, 
cither  the  equilibrium  valve  connot  be  opened  finely,  or  it  must  be  cIokiI  sooner. 


MINES  OF  CORNWALL  AT  DIFFERENT  PERIODS. 


453 


This  clearance  steam  exerts  no  power,  while  the  communication  between 
the  cylinder  and  valve  is  open,  but  acts  during  expansion.  The  complex 
action  is  too  important  to  be  neglected  in  expansion  calculations,  and  its  efl'ect 
increases  with  the  amount  of  expansion.  The  method  I  have  usually  adopted 
is  to  measure  the  portion  of  the  strokes  during  which  the  steam  valve  is  open, 
as  the  unit  of  expansion,  and  to  add  to  the  full  pressure  steam  the  advantage 
due  to  the  Hyp  Log  of  the  amount  of  tlie  expansion  on  the  common  tlieory, 
together  with  the  value  of  the  clearance  steam,  or  to  obtain  the  centre  pressure 
of  each  volume  of  expansion,  and  increase  it  by  the  value  of  tlie  clearance 
steam.*  Perhaps  tlie  more  correct  method  would  be  to  calculate  the  full 
pressure  as  before,  and  then  add  the  clearance  steam,  before  the  amount  of 
expansion  was  calcuhited ;  but  in  this  method  the  expansion  shown  by  the 
indicator,  and  the  actual  expansion  in  the  cylinder  do  not  coincide.  Wlien 
the  pressures  are  all  calculated  by  the  centre  pressure  of  each  volume  of 
expansion  as  in  the  second  method,  the  values  of  each  portion  of  the  steam 
may  be  clearly  shown  at  any  point  of  the  stroke,  and  a  means  is  thus  ob- 
M<>ii»Hi>ufMc.n«it.iiig  tained  of  comparing  theory  with  the  diagrams  formed  by 
LjriiiKUr.  tije  piston  of  an  indicator,      ror  tins  purpose,  it  is  obviously 

a  point  of  extreme  importance  that  the  pressure  in  the  cylinder,  while  tlie 
communication  with  the  boiler  is  open,  should  be  ascertained  with  as  much 
accuracy  as  the  case  admits  of. 

Woolf  employed  a  mercury  gauge,  but  the  results  have  not  been  recorded  in 
a  satisfactory  manner,  and  the  diagrams  made  by  him,  with  an  indicator  that  I 
have  recently  useii,  have  been  lost  or  mislaid. 

In  1835  Mr.  Smitli  visited  Cornwall  to  inquire,  on  behalf  of  Mr,  Fairbairn 
of  Manchester,  respecting  the  reported  duty  of  the  mining  engines,  and  I  am 
indebted  to  his  kindness  for  a  copy  of  the  diagrams  then  taken,  which  coincide 
with  the  diagrams  subsequently  taken  by  the  same  instrument  in  January  1838, 
at  Davey*s  and  Hocking's  engines  by  Mr.  Loam,  the  engineer  of  the  Consoli- 
dated and  United  Mines,  to  whom  it  was  subsequently  presented. 

I  propose  to  advert  only  to  these  diagrams,!  in  which  the  coincidence  of  the 


•  See  Tables  at  the  end  of  the  Paper. 

^  It  has  not  been  cuncidcred  necessary  to  insert  the  diagrams  of  these  engines.  The  steam  was 
cut  otr  in  Davey's  engine,  at  ^th  of  the  stroke,  and  in  Hocking's  engine  at  )-ih  of  the  stroke  j  results 
which  T  have  Hince  seen  conrinned. 

The  straight ^ine  of  pressure  while  the  steam  valve  was  open  was  well  defined. 
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calculated  expansion  pressures,  and  the  actual  pressures  as  shown  by  an  indi- 
cator are  more  apparent. 

The  duty  of  these  engines  averaged  about  70  millions,  the  column  of  water 
on  Davey's  shaft  is  286  fathoms,  and  above  200  fathoms  at  the  United  Mines, 
at  Hocking's  engines,  and  the  load  on  the  piston  were  respectively  13*12  lbs., 
and  127  lbs.  per  square  inch. 

Tlie  steam  valves  were  rapidly  closed,  so  that  the  commencement  of  the 
expansive  action  seemed  better  defined  than  on  the  diagrams  taken  by  Mr. 
Hcnwood  in  1831,  in  which  a  convex  curve  occurs;  in  those  cases  I  appre- 
hend either  the  steam  valves  were  more  slowly  closed,  or  the  clearance  spaces 
were  larger,  or  the  full  pressure  steam  was  partially  wire-drawn  during  it« 
admission.* 

•  I  do  not  exactly  remember  the  view  I  entertained  at  the  period  respecting  the  wire-rtrawing  the 
steam  during  its  admissiun  from  the  boiler  into  the  cylinder,  the  expression  refers  to  the  indicator'a 
diagrams  taken  by  Mr.  Henwood  in  1831  at  Huel  Towaa,  the  ateam  valves  of  which  engine  wat,  I 
understand,  rvv^h  of  the  cylinder  area.  A  double  beat  valve  of  8  inch  diameter  on  an  80  inch 
engine  I  confieive  is  unable  to  supply  the  steam  with  sufficient  rapidity  after  the  piston  has  attained 
velocity ;  the  result  is  a  partial  expansion  before  the  communication  between  the  boiler  and  cylinder 
la  closed,  and  a  convex  curve  of  pressures  is  shown  by  tlic  indicator. 

In  the  engines  at  Consols,  and  at  the  United  Xtines,  12  and  13  iuch  steam  valves  are  used,  and 
the  area  is  abinit  ^Vh  of  the  cyhnder;  and  several  indicators  showed  that  while  the  atcaro  valve 
remainod  open,  ateam  of  the  same  pressure  was  admitted  into  the  cylinder,  and  consequently  the 
expansion  curve  assumed  a  concave  form,  and  the  actual  coincided  mure  closely  with  the  nominal 
expansion,  and  with  a  calculated  curve  of  expansiiin  including  the  clearance. 

However,  the  duty  of  several  engines  with  8  inch  valves  has  exceeded  that  performed  by  Davey**, 
at  Consols,  and  Hocking's  engine  at  the  Uuited  Mines. 

It  is  (Kwaible  there  may  be  an  advantage  in  this  method  from  a  pressure  gained  from  high  steam 
in  the  boiler,  without  any  expenditure  of  water  ;  but  whether  this  plan  is  prefemble  to  the  intniduc- 
tion  of  equal  quantity  of  water  at  an  equal  pressure  of  steam  while  the  steam  valve  is  open  is  an 
undetermined  point  which  involves  questions  of  strength  of  boilers  and  cylinders  in  a  manner  such  at 
not  to  admit  of  an  easy  solution. 

Recently  at  an  engine  (Taylor's  United  Mines)  in  which  a  14  inch  steam  valve  is  used  for  an  86 
bach  cylinder,  several  indicators  have  shown  chat  the  steam  of  the  sanie  pressure,  while  the  valve  is 
open,  viz.,  about  25  lbs.  above  atmosphere,  is  admitted,  and  expanded  about  12  times;  this  engine 
has  jierformed  a  duty  of  100  millions  for  three  months  in  succession. 

'  Tlie  variation  of  the  pressure  at  the  top  and  hiittom  of  the  stnjke,  in  consequence  of  the  propor- 
tional greater  efTeft  of  the  clearance  steam  during  expansion,  seems  to  be  about  as  8  to  1. 

Wuolf  once  attempted  to  work  a  90  inch  cylinder  with  a  4  inch  valve ;  under  these  circumstaDcea 
the  velocity  of  the  vtcam  through  the  aperture  would  approach  the  limit  of  its  velocity.  A  duty  of  44 
millions  was  the  result,  l.ut  it  was  subsequently  increased  to  i>7  by  means  of  an  8  inch  valve.  The 
use  of  small  valves  may  be  traced  to  Woolfs  practice. 
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It.  Henwood's  most  valuable  series  of  indicator  diagrams  have  been  pub- 
lished in  tile  Transactions  of  tlie  Institution,  vol.  ii.,  page  49,  and  are  the 
earliest  on  record. 

It  may  peHiaps  be  questioned  whether  the  spring  of  an  indicator  can  follow 
with  sufficient  rapidity  tlte  decreasing  steam  pressure  during  expansion;  whether 
it  has  not  a  tendency  to  exliibit  a  pressure  higher  than  is  exerted  by  the  steam 
on  the  surface  of  the  piston,  occasioned  by  tiie  small  passage  of  communication 
through  a  wooden  plug  fitted  into  a  small  grease  cock,  Sec. ;  still  I  conceive 
it  may  be  relied  on  sufficiently  for  the  steam  when  the  valve  is  open,  at  least 
for  those  engines  in  which  the  full  pressure  steam  exhibits  a  straight  line,  from 
which  calculations  may  be  made  of  the  gross  power  capable  of  the  performance 
of  a  duty  equal  to  that  reported  in  1838.* 

With  a  view  of  showing  the  progress  of  improvement,  and  its  connection 
■with  the  results  that  may  be  deduced  from  theory,  it  is  proposed  to  select  the 
duty  or  work  performed  in  the  years  1778,  1798,  and    1838,   as  representing 

•  During  the  »pring  I  had  an  indicator  constructed  with  a  BTnall  piston,  under  the  impression 
that  it  might  gire  more  accurate  results  from  steam  ndmitted  only  through  the  small  aperiure,  a 
wooden  plug  was  inserted  into  a  small  grease  cock.  I  had  reason  to  believe  it  was  properly  adjusted 
for  low  temperatures,  as  on  a  trial  ai  Haleu  Beagle,  on  an  engine  luaded  only  to  5'7G  lbs,  t^  the 
square  inch  of  it,  together  with  the  Consol's  indicator  (made  by  Wooir),both  indicators  showed  that 
a  decreasing  steam  pressure  crossed  the  atmospheric  line  while  the  steam  valve  was  open.  On  opening 
the  grease  cock  at  the  same  moment  as  the  steam  valve,  a  very  small  puff  of  steam  was  visible,  and 
the  engine  audibly  took  air  before  the  steam  valve  closed,  some  proof  of  the  accuracy  of  the  indi- 
ealor  under  these  circumstances ;  but  when  the  smaller  indicator  was  placed  on  Taylor's  engines, 
where  ilie  temperature  of  the  steam  waa  much  higher,  the  first  stroke  when  cold  gave  a  much  higher 
result  on  the  scale  than  when  heated ;  but  the  scale  when  heated  coincided  with  the  Mnnchester 
indicutor,  which  belonged  to  Mr.  Loam,  one  of  the  engineers  of  the  mine.  A  similar  result  again 
occurred  after  correction  by  the  maker. 

I  mention  this  circumstance,  as  I  wish  to  retract,  in  some  degree,  the  strong  expressions  I  had 
used  as  to  the  dependence  that  may  be  placed  on  indicators  without  extreme  attention  to  accuracy  of 
adjustment,  us  well  as  to  tlie  channel  of  communication  with  the  cylinder. 

I  may,  perhaps,  be  permitted  to  advert  to  another  necessary  precaution  in  their  use :  several 
diagrams  were  recently  taken,  with  this  and  Wool^s  indicator,  at  Tresavean,  with  a  string  from  the 
radius  rod,  which  in  this  case  made  rather  a  greater  angle  than  usual  with  one  of  the  grease  cocks* 
and  also  with  a  parallel  motion  introduced  between  the  radius  rod  and  indicator,  which  was  fixed  by  a 
temporary  frame  of  boards.  The  average  result  of  the  diagrams  from  the  string  was  an  expansion 
of  5^,  and  with  the  parallel  motion  of  5^  times,  the  difference  was  about  y^th  of  a  foot  in  the  cylinder, 
or  1*2  of  the  point  at  which  the  ateum  valve  was  closed. 

The  engine  is  similar  to  that  at  the  United  Mines,  except  that  the  stroke  is  ]2instead  of  11  ibet : 
it  had  scarcely  been  at  work  3  weeks.     The  expansion  will  be  soon  much  increased. 
VOL.  lU. PART  V.  P  P  P 
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the  performances  in  Cornwall  of  Newcomen's  atmospheric  engine»  Wattes  low 
pressure  engine,  and  Watt's  engine  working  high  steam  expansively. 

The  duty  is  a  calculated  quantity  which  has  at  all  times  been  affected  by  nu- 
merous causes,  exclusive  of  the  changes  that  have  taken  place  in  the  boilers  and 
pitwork,  which  will  be  adverted  to  at  the  end  of  this  paper. 

The  annexed  list  was  published  in  the  Appendix  to  the  Ordnance  Geolo- 
gical Survey  of  Cornwall,  in  reference  to  water  raised  from  the  mines  : — 

"  At  all  periods,  the  friction  in  the  pumps  on  a  given  load  has  varied  in 
different  shafts  from  several  causes,  among  which  may  be  enumerated  the 
original  quality  of  the  workmanship  of  the  pitwork,  the  state  of  order  in  which  it 
is  kept,  the  length  and  number  of  ti.e  lifts,  the  diameter  of  the  pnmps,  the 
underiie  of  the  shaft,  and  the  use  of  flat  rods  to  work  a  second  column  of  water 
in  another  shaft. 

"The  delivery  of  the  actual  water  raised,  as  compared  with  that  calculated 
has  always  varied  from  the  impracticability  of  at  all  times  supplying  the  exact 
quantity  of  water,  when  pumps  of  different  diameter  are  employed  at  different 
lifts,  especially  when  part  of  the  water  is  taken  from  the  upper  levels,  which 
are  liable  to  be  affected  by  rain  in  winter,  or  where  the  pumps  are  worked  in 
shafts  of  unequal  deptli,  independently  of  leakages  of  all  kinds ;  all  these  cir- 
cumstances have  been  neglected  for  the  sake  of  a  convenient  method  of  com- 
paring the  work  performed  by  st^am  engines  with  different  velocities,  and  loads 
within  certain  limits,  a  course  rendered  necessary  by  tlie  nature  of  the  agree- 
ment between  Messrs.  Boulton  and  Watt  and  the  Mining  Adventurei*s,  and, 
since  1812,  by  the  spirited  competition  that  had  been  established  among  the 
mining  engineers  by  monthly  reports  of  the  duty  of  the  Comiah  engines." 

It  appears  to  me  almost  impracticable  to  attempt,  in  contracted  shafts,  to 
prove  the  duty  in  the  manner  often  demanded  of  weighing  the  water  delivered 
by  each  separate  lift,  without  which  precaution  the  real  duty  could  not  be 
exactly  ascertained,  the  adit  delivery  is  unsuited  even  for  an  approximation,  as 
it  includes  the  water  drained  from  the  upi>er  portions  of  the  lode;  the  objec- 
tions above  enumerated  are  less  felt  in  new  pitwork,  such  as  is  attached  to  the 
engines  adverted  to  in  these  remarks. 

Hie   earliest    attempt    to    ascertain    the  water  delivered    was 

.ut     nwry.  ^^jg    j^^,  ^j.    Henwood,   at   Huel  Towan,  who  estimated  the 

de6ciency  at  7  or  8  per  cent ;  subsequently  Mr.  Wicksteed  weighed  and  measured 

the  water  from  three  lifts  of  pumps,  at  Holmbush,  and  found  the  deficiency  10 
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Newcomen's 
aigine,  1778. 


per  cent.  In  September,  1839,  the  water  of  four  strokes  of  Eldon's  engine 
was  separated  and  measured  out  of  a  cistern,  the  plunger  was  14  inches  in 
diameter,  the  stroke  7  ^  feet,  and  the  lift  34  fathoms  ;  the  calculated  contents  of 
the  pump  was  49  gallons,  the  delivery  47,  a  deficiency  of  4  per  cent. 

The  position  of  this  pump  near  a  road,  over  which  I  constantly  passed, 
enabled  me  to  watch  the  performances,  and  in  course  of  30  visits  or  more,  I 
never  but  once  detected  an  air  bubble,  and  even  then  the  amount  was  scarcely 
appreciable— less  than  a  cubic  inch. 

It  will  perhai>s  l>e  found  a  convenient  form  to  exhibit  a  short 
iiiii»o*«BraL  amnmary  of  the  principal  changes  that  have  taken  place  during 
60  years,  in  connection  witli  the  amount  of  duty  performed  at  the  periods 
selected : —  , 

^  Dome  boilers  under  the  cylinder. 
Separate  pump  rods  for  each  lift. 
Bucket  pumps. 

Full  load  for  atmospheric  pressure,  probably  7  or  8  lbs, 
per  square  inch. 

Column  of  water  seldom  exceeding«90  fathoms. 

Dotr- 
Trial  at  Poldice  of  two  engines!  7,120,822  Winchester. 

in  one  shaft 17,483,163  Imperial. 

Average  ofother  engines  under  5,000,000  Winchester. 

Evaporation  of  water      ,     .       6  or  7  cubic  feet 

Waggon  boilers. 

Cylinder  placed  on  a  separate  foundation. 

A  connected  main    rod,  with  pump   rods  attached  to 

each  lift. 
Bucket  pumps. 
Loads    generally  too   heavy  for  much   expansion  with 

low  pressure  steam. 

Tx  ^      CA  u    4.  i  27,473,500  Winchester. 

Duty  ot  4  best  enermes    / 

^  ^  \  28,847,170  Imperial. 

A  fooj**  f  16,025,000  Winchester. 

Average  of  23  ditto      .  {     / ^^  ,         ,  , 

*'  t  17,770,000  Imperial. 

Column  of  water  seldom  exceeding  160  fathoms. 

Evaporation  of  water  from  9  to  10  cubic  feet. 

p  p  p  2 


1798.     Watt's  low 
pressure  engine. 
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1838.  Watt's  en- 
gine, using  high 
steam  expan- 
sively. 


/^Trevi  thick's  ])oiler9. 
Main  rods  as  befoi-e. 

Plunger  pumps,  except  at  the  !>ottom  of  the  shafts. 
Loads  from  5  to  18  lbs.  per  square  inch. 
Expansive  action  from  2  to  6  timc&  the  volume  used  at 

full  pressure. 
Column  of  water  in  one  instance  986  fathoms. 
Evaporation  of  water  from  10  to  14  cubic  feet. 

Before  adverting  to  the  theoretical  estimates  due  to  the  assumed  water 
evaporation  of  the  different  periods,  I  would  observe  that  the  Cornish  system  of 
mining  accounts,  in  which  no  reference  is  made  to  the  capitiil  cxi)ended,  has 
afforded  the  mining  eng^nnei*  more  liljerty  in  the  adoption  of  whatever  pro- 
poi-tions  appeared  advantageous  in  the  boiler  surface  in  the  flues,  or  in  the  size 
of  the  cylinder  for  expansion,  and  in  an  increase  of  strengtli  of  the  pitwork,  re- 
quired for  the  first  impact  of  high  steam,  on  commencing  motion  at  each  stroke 
with  a  pressure  that  so  much  exceeds  the  total  resistance,  while  the  resistance 
exceeds  the  power  in  a  greater  ratio  at  the  end  of  the  stroke. 

On  the  commenoement  of  the  present  system  of  encouragement  of  an 
impn>vement  of  duty,  the  weakness  of  the  waggon  boiler  was  soon  found  by 
Messrs.  Jeffree  and  Gribble,  at  Dolcoath,  to  be  the  limit  of  expansion  and  to 
an  increase  of  dutv,  mucli  beyond  that  which  had  been  performed  by  Watt ; 
but  on  the  adoption  of  WoolPs  cast-iron  tubular  boilers  and  a  modification 
of  Trevithick's  locomotive  boilers  the  strength  of  the  pitwork  became  the  limit 
to  expansion,*  and  recently  in  some  cases  the  low  rate  of  duty  has  been  traced 
to  weak  pitwork. 


•  The  increasing  depth  of  the  shai^s,  and  the  gresXcr  strain  occasioned  by  high  steam  aC  the  com- 
mencement of  motion  at  each  stroke,  required  u  greater  strength  of  main  rods,  and  consequently  timber 
of  larger  dimensions,  and  a  greater  weight  of  iron  connecting  straps,  on  a  given  water  load;  these 
increased  weights  enabled  expansion  to  be  again  extended,  as  the  means  of  equalizing  the  variable 
action  of  the  steam  became  more  efficient.  This  mode  of  meeting  the  difRcuUy  arising  from  ll»e 
variable  pressure  of  steam  worked  expansively  is  due  rather  to  t\ve  circumstances  under  which  the 
mines  were  worked  than  to  design  on  the  part  of  the  engineers.  Mr.  Davics  Gilbert,  I  believe,  waa 
the  first  person  who  iiilly  understood  the  principle  on  which  the  success  of  expansion  depended,  and 
foretold  the  failure  of  a  scheme  suggested  by  a  gtMilleman  of  Penzance,  who  attempted  to  introduce 
R  scheme  of  the  same  nature  as  the  patented  contrivances  of  Watt,  for  the  purpose  of  equalizing  the 
action  of  steam  during  expansion.  The  inconvenience  and  expense  nf  hrenkages  durin;^  the  progreM 
of  expansion  was  experienced  in  all  the  deeper  mines,  and  in  none  more  so  than  in  the  United  Mioea, 

which. 
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As  it  19  my  object  only  to  deduce  a  probable  duty  from  the  conditions 
under  which  the  steam  is  assumed  to  have  been  worked  in  the  cylinder  by 
means  of  a  co-efficient,  it  seems  unnecessary  to  enter  upon  the  question  of  total 
resistances  of  mining  engines*  (as  tlie  sul>ject  would  require  more  information 

which,  a1>out  1614,  were  about  170  or  180  fathoms  in  depths  and  the  level:  were  below  those  at 
Console,  which  are  situated  to  the  north,  and  the  mine  consequently  was  over  pressed  with  water. 

I  have  recently  received  an  account  of  the  expense  of  these  breakages  from  a  gentleman  through 
whose  hands  the  payments  passed,  and  whose  opinion  was  strongly  in  favour  of  strung  main  rods 
for  mining  to  meet  the  strain  occasioned  by  deepening  shafts  and  increased  expansion.  The  dilfereiice 
of  the  strain  on  the  main  rods  with  12  times  expansion  in  Watt*s  engines,  or  in  WoolPs,  or  rather 
HomWow'g  double  cylinder  engine,  and  also  in  the  double  cylinder  cngiiie  recently  erected  hy  Sims 
at  Cam  Brea,  ought  to  became  ii  subject  of  considcralioti  to  the  miner.  It  may,  however,  be  observed 
that  the  only  friction  due  to  the  additional  weight,  of  rods  and  balance,  is  that  occasioned  by  the 
additional  friction  thrown  on  the  gudgeons  of  the  balance  beams;  the  cost  of  the  repairs  of  which 
would  be  scarcely  appreciable,  while  the  practice  of  not  charging  ibe  interest  on  ca]>itul  cxpeuded 
in  mining  machinery  in  Cornwall  renders  a  commercial  comparison  impracticable  with  the  amount 
of  annual  coal  savings. 

*  The  evasion  of  this  question  in  1839  arose  from  the  author's  inability  to  assign  sufBcient 
reasons  for  his  belief  ttiat  the  friction  and  other  resistances  of  good  mining  engines,  even  in  the 
deep  shaft,  did  not  exceed  ^  the  calculated  wrttcr-loatl,  or  rather  that  the  addition  of  ^  tn  the  calcu- 
lated water-load,  would  represent  the  total  resistances.  This  idea  had  been  derived  from  the  calcu- 
lations attached  to  the  diagram  forwarded  to  him  by  Mr.  Foirbairn,  and  without  doubt  it  has  in- 
fluencftd  the  Ci>-eflicient  of  that  he  employed  for  engine  and  pitwork  resistances. 

This  rule,  however,  gave  a  friction  much  too  high  for  Eldou's  Engine  United  Mines,  a  30  inch 
cylinder  employed  in  raising  injection  water  in  a  one  plunger  lif>  of  34  fathoms,  conditions  equivalent 
to  those  under  which  the  Cornish  Engine  al  Old  Ford  is  worked.  Lately  tlie  author,  un  the  sug- 
gestion of  Mr.  Parkcs,  attached  a  mining  gauge  to  the  following  engines  : — 


1341 


16  April 

i  May 

13  0m. 


North  Ra«k«aj 
Halfu  Beagle. 
I'rMmveui       > 


Ii 


;3 


U 


Tile  steam  valve  was  opened  by  a  hand  lever,  and  the  velocity  in-doors  was  extremely  slow  at 
North  Koske&r  and  Hulen  Deagle,  and  the  mercury  was  quite  steady;  but  it  amountciL  to  about 
j^the  usual  velocity  at  Trcsaveun,  und  3  lbs.  is  taken  as  Uie  meau  between  the  variations  of  1  and  4, 
OS  the  Utter  was  the  pressure  for  the  longer  time.  The  pressure  seemed  Icsa  in  the  subsequent 
8tn)kes,  when  the  engine  came  in-doors  slower. 

The  water  load  per  square  inch  on  the  piston  in  Cornwall  is  usually  calculated  from  the  diameter 
of  the  cvlinder. 
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than  I  possess,  and  repeated  visits  to  pitwork  under  ground),  and  the  duty  has 
been  taken  iSths,  leaving  Aths  for  friction  and  other  resistances  of  the  cal- 
culated power. 

It  is  essential  to  obtain  as  near  as  may  be  the  evaporation  of  water  in  cubic 
feet  per  bushel  of  coal,  and  it  is  to  be  regretted  that  scarcely  any  attention  has 
been  paid  to  this  part  of  the  subject  by  the  engineers  of  the  mines  of  Cornwall. 

The  careful  experiments  of  Smeaton  cannot  be  taken  as  tlie  evaporation 
due  to  Cornish  practice  in  1778,  nor  can  the  careless  waste  of  the  collieries 
become  our  guide.  I  conceive  it  probable  that  it  did  not  exceed  6  cubic  feet 
per  bushel  in  dome  boilers. 

In  this  year  a  trial  of  two  atmospheric  engines  working  in  one  shaft  was  made 
at  Poldice  (Phil.  Trans.  1830),  under  the  superintendence  of  Messrs.  Boulton 
and  Watt,  and  several  gentlemen  connected  with  the  mines  of  the  county, 
when  the  consumption  of  coal  amounted  to  14,080  Winchester  bushels  in 
61  days,  and  hence  eacli  bushel,  without  allowance  for  stoppages,  worked 
the  engine  6'2385  minutes.  The  four  lifts  of  pumps  were  17  inches  in 
diameter,  and  raised  the  water  from  a  depth  of  58  fathoms,  and  made  5^  strokes 
of  6  feet  in  length  per  minute. 


17"  X  20454  X  58  —  34,285  load  on  the  shaft. 

IL  *tro.  mi  a. 

6  X  5J  X  6-2385  =  20787  feet  per  minute. 

lb..  n. 

34.285  X  207-87  =  7,126,832  lbs.  raised  one  foot  high. 

This  amount  was  subsequently  deducted  from  the  duty  of  Wattes  engine,  who 
was  entitled  by  the  conditions  demanded  for  the  use  of  his  patent  to  receive 
J^rd  of  the  value  of  the  remainder,  which  represented  the  coal  saving  effected 
by  his  engines.  It  may  be  considered  a  singular  circumstance  that  the  neglect 
and  want  of  attention  and  skill  produced  as  great  a  waste  of  coal  in  mining 
engines,  after  1800,  as  the  payments  made  to  Watt;  and  it  may  be  fairly 
asserted  that  Watt's  counter  to  ascertain  the  duty  saved  nearly  the  whole 
amount  of  the  170,000/.  paid  to  Messrs.  Boulton  and  Watt  for  coal  savings. 
A  portion  of  this  sum  arose  from  the  increased  duty  occasioned  by  boiler  and 
pitwork  improvements,  unconnected  with  the  patent. 

In  1793  the  duty  averaged  on  Watt's  authority  equalled  19^  millions. 

In  August,  1811,  the  duty  of  several  engines  equalled  13i  millions, 
being  a  difference  of  6  millions. 
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Boulton  and  Watt's  share  on  19  i  millions  would  be — 

jQ.g 7     12*5 

=— ;r-  =  4*166  duty  to  be  paid  aa  Watt's  share, 


and 


3  3 

4*166 


19-5 


=:  '213  of  the  value  of  the  coal  consumed. 


The  evaporation  of  Watt's  boilers  is  stated  on  authority  to  have  been  from 
8  to  12  cubic  feet  of  water  per  busliel;  but  from  complaints  of  the  carelessnesa 
of  enginemen,  the  frequent  stoppages  of  the  pitwork  at  that  period,  and  waste 
of  steam,  and  perhaps  the  practice  of  allowing  the  enginemen  to  take  home 
cinders,  would  induce  me  not  to  rate  the  evaporation  at  more  than  9  cubic  feet 
per  Winchester  bushel,  expended  in  the  cylinder  in  mining  engines. 

Tiie  present  evaporation  of  Trevithick's  boilers  is  supposed  to  be  from  10  to  14 
cubic  feet  per  imperial  bushel  (94  lbs.),  and  even  more  occasionally,  an  amount 
due  probably  to  slow  combustion  and  a  large  extent  of  flue  surface.*  In  March, 
1826,  a  trial  of  4i  days'  duration  at  Woolfs  engine,  a  single-acting  90-inch 
cylinder  at  Consols,  gave  an  average  result  of  11*4  cubic  feet  per  Winchester 
bushel  in  boilers  with  a  less  flue  surface  than  is  at  present  employed.  The 
water  supply  was  measured  by  a  cistern,  the  temperature  of  which  was  90"  F., 
and  the  temperature  of  the  boiler  263*5  F. 


=  11-4. 


This  engine  first  reached  67  millions  in  the  report,  and  64  millions  on  a  trial, 
and  exceeded  the  double  cylinder  engines  in  duty,  but  was  soon  surpassed 
by  the  performance  of  the  Huel  Towan,  constructed  by  Grose. 

*  In  1839  I  was  an  advocate  of  slow  combustion  and  un  extended  boiler  surface.  The  Cornish 
evidence  in  its  favour  is  founded  in  a  great  measure  on  duty,  and  it  has  been  mixed  up  with 
erpansion  from  high  steam,  and  with  the  additional  steam  room  given,  as  more  flue  surface  has  been 
added. 

Rapid  combustion  can  scarcely  be  tried  in  a  satisfactory  manner  with  Trcvithiclc's  cylindrical 
mining  boiler,  unless  a  steam  resen-oir  is  added  equivalent  to  the  steam  room  of  the  reduced  number 
of  boilers. 

The  water  in  many  mines  is  extremely  bad,  and  is  supposed  to  be  more  injurious  to  the  iron 
when  the  fires  are  forced.  This  reviBion  of  opinion  has  Iwea  occasioned  by  Mr.  Wickstecd's  expe- 
rimenta,  who  has  thrown  some  doubt  on  this  subject  in  relation  even  to  mines. 


Dkn. 
1 

HcHiim. 

14 

Cublfl  FMt 

12 

2 

24 

11-34 

3 

24 

11-64 

4 

24 

11-11 

5 

24 

10-93. 
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The  calculated  performance  of  this  engine  at  5  times  expansion — the  re- 
ported amount — would  be — 


Temp.  263**  F. 


.     3,880,000  lbs.  one  foot  from  one  cubic  foot  of  water. 
"Vtli—   430,000  for  clearance  steam. 

3,450,000 
1,609  f5,55 1,050 
llh  +  I    616,783  for  clearance  steam. 


9,617,833  X  11-4=108,643.296  x  6=65,859,777. 

A  table  has  been  annexed  on  similar  principles  of  the  duty  assumed  to  be 
due  to  the  different  conditions  under  which  the  engines  were  worked  in  1778, 
1798,  and  1838.  It  is  not  intended  to  exhibit  any  remarkable  coincidence 
where  numerous  interferences  occur,  and  it  is  liable  to  the  charge  of  having 
been  purposely  made  to  coincide^  still  it  affords  some  grounds  for  the  assertion 
that  the  Cornish  raining  engines  ought  to  perform  the  reported  duties  wherever 
the  weight  of  the  main  rod  is  sufficient  to  absorb  the  pressure  at  the  commence- 
ment, and  restore  it  at  the  end  of  the  stroke. 

In  conclusion  I  propose  to  advert  to  some  of  the  changes  that  have  taken 
place  in  pitwork  during  tlie  last  GO  years. 

Smeaton,  in  his  report  on  the  Chacewater  engine,  directed  a  single  main  rod 
to  be  used  for  tlie  upper  lift,  and  that  a  cross-head  should  be  attached  with  rods 
on  eiich  side  to  work  the  two  lower  lifts.  The  circumstance  of  a  single  main  rod 
at  the  surface  was  mentioned  to  me  by  Mr.  M.  Moyle,  who  was  an  agent  in  the 
counting-house  of  this  mine  at  the  period  of  or  soon  after  its  erection.  The 
extension  of  this  plan  seems  due  to  Watt  or  IVIurdock  in  lieu  of  the  separate  lifts 
to  each  pump,  with  their  apparatus  of  chains  at  the  arc  at  the  end  of  the  beam. 

As  the  economy  of  coal  and  greater  certainty  in  the  performance  of  Watt's 
engine  enabled  the  mines  to  be  worked  deeper,  tlie  weight  of  the  rod,  being  in 
excess,  took  the  engine  out  of  doors  too  fast  without  a  balance ;  and  either 
Watt  or  Murdock  (the  latter  was  the  party  immediately  engaged  in  the 
suggestion)  proposed  to  substitute  a  plunger  pole  for  a  balance  at  Huel  Maid. 
In  1796  a  plunger  pole  was  employed  at  Ale  and  Cakes,  a  mine  which  now 
forms  the  eastern  part  of  the  United  Mines. 

Under  these  circumstances  no  eSect  of  much  importance  on  the  duty  was 
produced,  but  its  subsequent  introduction  as  a  system  of  pitwork  in  lieu  of 
bucket  pumps  at  the  bottom  of  the  shaft  has  eveutually  caused  the  slow  out- 
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door  stroke.-  TJie  facility  witli  which  (he  packing  can  be  kept  in  order,  and 
the  trouble  of  examining  and  packing  common  pumps,  contributed  to  its  in- 
troduction. 

I  may  perhaps  be  jjermitted  to  refer  to  an  objection  which 
was  long  urged  against  the  truth  of  the  reported  duty  of  the 
pumping  engines,  I  mean  the  low  duty  of  the  stamping  engines  previous  to 
December,  1835,  when  43  millions  was  reported  as  the  performance  of  a 
32-inch  single-acting  cylinder  engine  10  feet  stroke,  erected  by  Mr,  James 
Sims  at  the  Charlestown  Mines,  near  St.  Austle.  In  this  engine  the  crank 
was  applied  direct  to  the  cam-shaft.  The  amount  of  the  duty  of  this  engine, 
and  of  two  similar  engines  at  Huel  Kitty  and  Cam-Breu  constructed  by  Sims, 
has  been  increased  to  above  60  millions.  A  double  engine  of  similar  form  at 
Huel  Vor  by  Richards  has  equalled  this  performance. 

Tlie  expansion  of  these  engines  varies  from  2^  to  3  times,  the  steam  being 
cut  off  at  i*w  or  ^  of  the  stroke ;  hence  the  theoretical  duty  for  12  cubic  feet  of 
water  evaporated  per  bushel  scarcely  reaches  60  millions  for  3  times  expansion, 
a  coincidence  suiBciently  close  with  the  reported  duty. 

It  should  not  be  forgotten  that  the  Cornish  dutv  includes  the  advantage  due 
to  a  supposed  superiority  of  Welch  coal,  and  to  slow  combustion  in  ext^^nded 
flue  surface  ;  still  a  reference  to  the  first  principles  of  steam  power  may  tend  to 
discourage  extravagant  expectations,  and  at  the  same  time  afford  a  reasonable 
liope  that  a  great  improvement  in  duty  may  be  effected  in  other  districts 
wherever  the  conditions  naay  be  suitable  and  high  steam  would  not  be  con- 
sidered objectionable. 

JOHN  S.  ENYS. 
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PER  SQrARR  INCH. 

Gniitt  of 
M'liln  III  One 
Cubu  Poo« 

PrMsurr  ia  Ibi. 

Vgltine  fnim 

ODC  tit  Wairi> 

Bffllcunvjr  or  Onm 
Pvwot. 

Bimm  ta 

AUUKpfaVTC. 

Stvua  in 
loehM  or 
Mcraury. 

Sinm  Id  Hm 
weight. 

Tvfapcmlura 

PkhTvultril. 

•125 

■25 
•5 

•75 

3*74 

7-48 

I4'S6 

22  44 

1-83 

3  67 

7-35 

1102 

124-6 
150-8 
179-6 
197  6 

37- 
70  3 
135- 

191-8 

264-6 

529  2 
1058-4 
1587*6 

11801' 
6198-38 
3229-36 
2217*2    ' 

3»n2,544 
3,280,182 
3,427,954 
3,520,466 

1- 

1-25 
1-5      • 
115 

29-92 
37   5 
44  48 
52-36 

14-7 
18-37 
22  ■  05 
25-72 

212- 
223-88 
234 • 32 
241-78 

256  2 

315- 

372- 

428*8 

2116-8 
2646- 
3175-2 
3704-4 

1700* 

1384*36 
1171*59 
1061.66 

3,598,560 
3,664,016 
3,720,333 
3,766,145 

2' 

2-25 
2  5 
2  75 

59.84 
67*32 

74-8 
82-28 

29-4 

33-07 
36-75 
40-42 

250-79 
257-4 
263-93 
269  89 

485- 
539-6 

593- 
645-4 

4233-6 
4762-8 
52U2- 
5811-2 

899*91 
808- 
733-45 
672-36 

3.809,848 
3,848,424 
3,881,417 
3.907,618 

3- 

3-25 
3  5 
3-76 

89-76 
97-18 
104  72 
n2'2 

44   1 

47-77 
51-44 
54-94 

275' 

278-8 

2S4-59 

288-86 

702  8 
755-6 

808-7 
fi6l-4 

6350-4 
6879-6 
7408-8 
7938- 

620-74 
576-83 
539*1 
506-15 

3,941.947 
3,971,-359 

3,994,084 
4.017,818 

4- 

4-25 
4-5 

4-75 

119-68 
I27M 
134'61 
142-12 

58-8 
62-47 
66-15 
69-82 

292-91 
295 ' 95 
300-47 
304 ■ 07 

920-2 
i)66- 

10IT8 
1071-3 

8467-2 

891)6-4 

9525-6 

10Q54-8 

477  05 

4.50 -96 
428  36 
406-76 

4.039,277 
4,046,926 
4,080,386 
4,098,890 

5- 

5-25 
&*5 
5-75 

149  6 
157-08 
164-08 
172-72 

73-5 
77-17 
80-85 
84-52 

307-91 
311- 
314-06 
316-94 

1122-3 

1144-1 
1221-7 
1271* 

10584' 
11123-2 
11652-4 
12181-6 

389-38 
372-32 
356-86 
342-76 

4,111,118 
4,141,399 
4.157,282 
4,175,365 

6- 

6  25 
6  5 
6-75 

179-62 

187-1 
194 '58 
201  *  74 

8S-2 
91-87 
95-55 
98-22 

320* 
322-77 
325 • 86 
328-71 

1322  5 
1373- 
1422- 
1473* 

12700*8 

13200- 

13739-2 

14288-4 

329-65 
317-58 
306-62 
296-35 

4,186,518 

4,217.463 
4.218»937 
4,233,367 

7- 

7-25 
7-5 
7*75 

209  44 
216  92 
224  4 

231 -3G 

102-9 
K6-57 
110-25 
]13'92 

331 -56 
334   19 
336  1)3 

a3y-38 

1502- 
1570- 
1617- 
1666' 

14817-6 
15346  8 
158:6- 
16405-2 

286*7 
277*77 
269-52 
261-60 

4,243,206 
4,261,806 
4,278,899 
4,292,689 

8- 
8-25 

8*5 
8-75 

239-36 
2i6-86 
254*42 
261-48 

in-6 

121-27 

124-95 
128-65 

341-83 
344-22 
346-6 
348-99 

1714- 
1762- 

1811' 

1858- 

16934*4 
17463*5 

17992-8 
18522- 

254-27 
24T31 
240-70 
234  57 

4,305,909 
4,3IS,923 
4.331,946 
4,350,465 

9- 

9*25 
9  5 

Ola 

269-2 
276-76 
284- 16 

291  32 

132-3 
135-97 
139-65 
143-22 

351-32 

353-62 
355-8 

357-71 

K)05- 
1933- 
2001- 
2048' 

19051-2 
19643-4 

20109-6 
20638-8 

228  -  72 
223  17 
217*89 

212*82 

4,357.390 
4,3H5.817 
4,-381,680 
4,392,547 

10- 

299-2 

147- 

359-6 

20<;r>- 

211G8- 

207 '98 

4.402,520 

These  Tublcs  were  calculaletl  from  those  ol'  Clement  Desuintci>,  itboui  three  yciiis  ugo. 
The  efficiency  Ci>lumit  is  origiiml.  in  its  present  furm,  exce|]C  far  steam   of  I   atmosphere 
strength.     Sec  Trcdguld,  on  bteam  Eiiginea. 
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Extract  from  the  Second  Paper,  by  Davies  Gilbert,  E-q,,  relating  to  Comiah  engines  in  the  Phil. 

TrauB.  isSO. — Wiiiclicsler  bushel  uf  Coal. 


ObnMlvr  vt 

tueb«i. 

I)«l7, 1199. 

ObwmlloRi. 

1     . 

20 

10,015,000 

3     . 

21 

16,385,000 

3     . 

45 

29.668  000 

|Itw«i  believed  ■!  the  time  Ihit  tome  inactuncj  mnst 

4     . 

36 

28,212,000 

;     IjBve  occurred  in  the  communicaUoJu  respecliotf  Oxae 
[    tvro  Cuginct. 

Double 

5     . 

42 

18,193,000 

6    . 

63 

15,1110,000 

Double 

7     . 

45 

15,180,000 
15,571,000 

On  the  nmc  Mine,  the  leugth  of  vtrokn  in  til  but  one 

8     . 

45 

0  Tcet,  ill  that  8  f««t.     Aittmgc  duljr  of  tbe  wboie 

9     . 

45 

15,090,000 

r        I5,ftti5,000L 

10     . 

45 

14,384,000 

Double 

U      . 

42 

18,740,000 

12     . 

42 

15,532,000 

13     . 

36 

18,465,000 

14     . 

■ . 

12.226,000 

The  diJUMtor  of  tbe  cjUnder  not  returud. 

15     . 

30 

14,050,000 

16     . 

20 

12.366,0f>0 

DjuWc 

17     . 

14| 

6,oi»7,ooa 

18     . 

30 

13,931,000 

19     - 

28 

19,739,000 

20     . 

36 

24,514,000 

21      . 

21 

13,215,000 

22     . 

20 

15,034,000 

23     . 

48 

27.500.000 

Supposed  to  be  tb«  best  Engine. 

It  is  to  be  regretted,  that  the  load  in  the  shaft,  and  other  particulars  from  which  the  duty  was 
calculated  in  1798,  by  Mr.  Davics  Gilbert,  have  been  mialuid,  m  that  1  have  been  unibic  to  give 
the  slatcmcntB  in  the  same  form  as  the  present  duly  report,  neither  have  they  been  preserved  by  Mr. 
Alfred  Jenkins,  who  was  jointly  engaged  in  making  the  requisite  calculations  from  data  supplied  by 
the  different  mines. 

The  duty  on  Watt's  anthority  was  higher  in  1793:  at  this  period  few  new  engines  were  erected, 
and  the  shafts  had  been  deepened  aitd  a  deterioratiou  of  llic  engines  had  occurred  by  age  or  bud 
water,  circumstances  tending  to  reduce  duty. 

NoKTO  Downs,  near  Rcdkutu. — Nkwcomkn*s  Enoink.  with  low  Steam. 


WbW  in 

Cnliic  Feel. 

3,600,000 
;     1,800,000  (i) 

1     1,800,000 

3,600,000 
1,200,000  (i) 
2,400,000 

lbs.  one  foot  high  from  the  water. 
Waste  by  condensation. 
On  the  piston. — cflBcicncy. 

6 

10,800,060 

6,480,000 

14,400,000 
8,640,000 

Efficiency. 
Duty. 

74 

13,500,000 
1     8,100,000 

18,000,000 
10,800,000 

Eflicicncy. 
Duly. 

12 

,'  21,600,000 
1   12,96fJ,000 

28,800,000 
17,280,000 

Efficiency. 
Duly, 

14 

25,200,000 
15,120,000 

33,600,000 
20,160,000 

Efficiency. 
Duty. 
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Watt's  Ekcink,  with  low  StcRm. 


— 

Futl  Pmanra.      [        Ciitorn  Konr-flfUu. 

AtTwo'lhlnla. 

At  OiM-bilf. 

3,630,000  '     3,630,000 

733.260  (-202) 
4,363,260 

3,630.000 
1,470,150  (-405) 
5,100,150 

3,630,000 
2,515,590  (693) 

6,145,590 

8 

29,040,000  1  34,906.080 
17,424,000     20,943,648 

40,721,200 
24,432,720 

49,164,720 
29,494,832 

KJ 

36,300,000     43,632,600 
21.780,000  1  26,179,560 

50,901,500 
30,540,900 

61,455,900 
36,873,540 

12 

43,560,000  1  52,359,120 
26,116,000     31,415,473 

61,081,800 
36,658,080 

73,747.590 
44,248,248 

14 

50,400,000 
30,240,000 

61,085,640 
36,651,384 

71.262.100 
42,767,260 

86.636.260 
51,981.756 

Watt's  Engine,  with  high  Steam. 


T«ra  Bad  ■  Hftlf  AinHMpHervp- 

ThrM  Atin(»|i1UT«>.                          1 

4. 

5. 

A. 

'^* 

13. 

3,880,000 

388.1)00  (^) 
3,492.000 

4,839.912  (1-386) 
483,991 

8,816,903 

3.860.000 
430,000  (I) 

3,450,000 

6,551.050  (1-509) 
616.783  (J) 

9,617,833 

3^80,000 
486,000  (i) 

3,395.000 

6,078,050  (1-791) 

759.756  (i) 
I0/:32.80G 

3,940.000 

78S.000  ti) 
3.162,000 
6.453,008  (2-079) 
1.291,601  (i) 
10..896,609 

:    3.940,000 
1        986.000  (1) 
2,956.000 
6.340.220  (2-4S4) 
1,585.056  (1) 
10,880,275 

to 

&8.16!l.0't0 
52,801,418 

96.178,330 
55,704,698 

I02,232,0«0 
61,396,836 

I0ft,966.090 
'  65,379,654 

108,802,750 
65.281.6S0 

12 

106.602.836 
63.961.701 

118,21.3,996 
70,928,.'J97 

122.791.672 
73,675,003 

130,759,300 
78,465.460 

130.563,300 

78,337,980 

14 

123.43fi,fi42 
74,061,983 

l3^1.«l9.fi6-2 

80,789,797 

143,326,928 
85,995,556 

152,552,315 
91,531,389 

152.323.&50 
91,397,310 

This  Table  will  accouut  for  a  great  varialion  of  duty  in  mining  engines;  on  visiting  several 
years  ago  many  engines  whose  reported  duty  was  low,  tlie  principal  cauise  was  obviously  tlic  small 
extent  of  expansion  used ;  the  reasons  assigned  were  chiefly  weak  boilers  aud  weak  pitwork :  in 
•ome  cases  bad  pitwork  produced  a  great  amount  uf  extra  friction  and  aided  in  the  reduction  of  the 
duty,  so  that  the  co-elScient  would  be  erroneous,  in  other  cases, 

I  believe  the  co-efficient,  4,  will  be  found  to  be  too  high  for  friction  and  resistances  where  the 
pitwork  has  been  well  put  up  and  is  nearly  new,  or  during  experiments  where  unlimited  quantities 
uf  grease  are  used  both  in  the  engine  and  under  ground. 
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of  steexa  in  Comiih  ragiuei ill.         257 

ezpaDsiTe  and  unczpaanTe  of  stMun,  tepanUelj 

valufd „  263 

percuMire  or  inttaiitaneout,  of  fteun,  and  other  aeri- 
form fluids „  409 

*     sudden,  niggeited  cause  of  exploiion  of  ateam- 

boileri „  425, 436 

Set  Steam,  Cornish  Engines,  &c. 

Ax>iE,  Mb., 

observations  on  the  openings  in  walls  during  severe 

frost iii.  202 

experiments  on  expansion  of  stone „  ib. 

AlB, 

proper  admission  of,  to  furnaces ii.  162 

See  Blast,  Combustion,  Smoke. 

Albino,  M.  B. 

account  of  stone  bridge  over  the  Dora  Riparia,  near 

Turin i.  183-194 

St*  Bridge. 

Albion  Mills  Enoinb, 

expo-imeots  on,  by  Watt  and  Rennie    ....  iii.  3, 59 

particulars  of,  and  boilers  (tables) „  45,  76 

economy  of,  compared  with  others „  59, 60 
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rise  of  rib  of  Southwark  bridge „  203-209 

expaosioD  of  arch  and  openings  in  ponpet  of  Staines 

bridge „      214-7 
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method  of  restoring,  in  Blackfriars  bridge  .      .      .     i.  181 

Abtbsian  Wells, 

on  sinking  of,  and  supplying  of  water  from      .     .  iii.  229 

Set  Well. 

Atmospbebic  Enoinb, 

experiments    on    Newcomen's,    by    Smeaton,   to 

determine'consumptitni  of  coial  and  steam  (Table)  iii.    2,  5,  20 

,,45,58,76 
the  type  of  Watt's  engine      . „  58 

Avxiluby  Steam, 

ou  the  adaptation  of,  to  sailing  vessels  (Mr.  S.  Sea- 
ward)     iii.  385-408 

the  limits  of  the  application  of  steam  power     .     .     „  386 

increased  speed  consequent  on  diminished  power  and 

weight „  387-389 

instances  of  combining  steam  power  with  sailing    .     „  391 

result  of,  in  the  Vernon  and  Earl  of  Hardwicke      .     ,,  394-399 
commercial  objections  to  use  of       ..•..„  402 

application  of,  to  vessels  of  war „  403 

table  of  velocities  of  steam  ships  with  engines  of 

different  weights  and  powers „  408 

Babqes, 

experiments  on  resistance  to,  in  canals  (Mr.  H,  R. 

Palmer) i.  165 

resistance  nearly  as  the  cube  of  the  velocity .     •      .     „  1 72 

Bablow,  T. 

on  the  thickness  of  the  cylinders  of  the  Bramah  or 

hydraulic  press i,  133-139 

determination  of  law  of  resistances  to  barges     .     .     „  172 

on  the  power  of  locomotives  at  different  velocities  .  iii.  183-196 

Baelow,  T.  p. 

on  the  strain  to  which  loek-gafeM  are  sulgact     .     •    i.      67-80 
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OeuTiiiED,  H., 

ettimate  of  c&lorlfic  power  of  charcoalj  coke,  anA 

peat  coke iii.  167, 173 

177 

gmt  raluc  of  hi*  litharge  tat ^  16B 

BUUT, 

ftpplintion  ofbot  lir,  in  thera&nufaehire  of  iron   .     i.  Bl 

ttir  reiisriuice  from,  in  locomotives iii.  143 

dumtiun  nf  jet ,  ii. 

inlemiiireiil  action  of,  cxplaJn«d        ......  144-140 

txpprimpnts  nn  farc«,  and  temperature  of     .      .      .     „  147 

velucily  uf,  iuii({i)ed  . „  152 

upper  strata  of,  more  valuable  fen-  fael  than  Icnrir .  iu.  165 

Set  Turf. 

BolLBM. 
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Kino,  Nicholas,  King  Street,  City. 
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Knight,  Sauuel  John,  Waterside  Iron  Works.  Maidstone. 

Labatt«  Hugh  Roland,  Rutland  Square,  Dublin. 
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Laivrie,  Alexander. 
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Ltllib,  CoIohpI  Sir  John  Scott,  C.B.,  Union  Club,  Trafalgar  Square. 

Llewbllin,  John.  Abercarne  House,  Newport,  Monmouthshire. 

LoMAx.  Edward,  F.G.S.,  Queens  Square,  Westmiiieter. 

Mallet,  Robert,  Capel  Street,  Dublin. 

Mainoy,  Robert  Alexander,  Canada. 

Manby,  Charles,  F.G.S.,  Secretary,  Great  George  Street,  Westmiuster. 

Marshall,  James  Garth,  F.G.S.,  Upper  Grosvenor  Street. 

Martin,  Henry,  Leadenhall  Street. 

May,  Charles,  F.R.A,S.,  Ipswich. 

Mat,  Robert  Charles,  Gravesend. 

Massie,  James  Ignatius,  Aberdeen. 

M'Intosh,  David,  Bloomsbury  Square. 

Millar.  William,  New  Crane  Iron  Works,  Wappiug  WalL 

Mills,  George,  Dunglass,  Glangow. 

Milner,  John,  Bath  Place,  New  Road. 

Mitchell,  Alexander,  Belfast. 

Moody,   Richard  Clement.    Lieutenant,  R.E.,  F.G.S.,  &c.,  Governor  of  the 

Falkland  Islands. 
Moore,  George,  Lincobi's  Inn  Fields. 

MooRSOM.  Captain  William  Scarth.  Stonehouse.  Plymouth. 
MoRAwsKi.  Adalbert,  Grand  Duchy  of  Posen,  Poland. 
MoRELAND,  Richard.  Old  Street,  St.  Lukes. 
Mundav..  Jamks,  Old  Ford. 
Murray,  Andrew,  Millwall,  Poplar. 
Musket,  David,  F.G.S.,  Coleford,  Gloucestershire. 
Newton,  William.  Cliancery  Lane. 
Nicuolls,  Nathaniel.  Betlilehem  Hospital. 
Nicholson.  William  Wilkinson,  Polygon.  Soniers  Town. 
Oldham.  Thomas,  Bank  of  England. 

Orkney.  Right  Hon.  The  Earl  of.  Taplow  Courts  near  Maidenhead,  Bucks. 
Page.  George  Thomas,  Delahay  Street. 
Parsons,  John  Mekson,  Raymond's  Buildings,  Gray  b  Inn. 
Parsons,  William.  St.  MailluV,  Leictisior. 
Peahce,  Geddil,  Broad  Street,  Ratclifle. 
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Pellatt,  Apsley,  Holianil  Street,  Blackfriars. 
Pemni  John,  Jun.,  Greenwich. 

Pepi»ercorne,  Frederick  S.,  Buckingham  Street,  Strand. 
Perkins,  Anqier  March.  Great  Coram  Street,  RusstiU  Square, 
Pkto,  Samuel  M.,  Belvedere  Road,  Lambeth. 
Pickersoill»  William  Crkllin.  Pyle,  GlamorganshiPe. 
PiM,  James,  Monkstown  Castle.  Dublin. 
Pole,  William,  Great  Russell  Street,  Bloomsbury. 
Pools,  Mosss,  Old  Square,  Liticolo^s  Iiui. 
Prior,  Jonathan  CiiARLEa,  Upper  Thames  Street. 
Radford,  William,  Fore  Street,  Limehouse- 
Ransomk,  Robert,  Ipswich. 
Ravenhill,  Richard,  Clapham  Common. 
Reed,  William,  Rue  basse  du  Rempart,  Paris. 

Reid,  William,  Lieut. -Colonel  R.E.,  C.B.,  F.R.S.,  &c.,  Governor  of  Bermuda. 
Rknton,  Amherst  Hawker,  Pimlico. 
Reynolds,  John,  Royal  Fort,  Bristol. 
RiCKUAN,  William  Charles,  Duke  Street,  Westminster. 
Robe,  Alexander  Watt,  Major,  R.K.,  F.G.S,..  the  Tower,  London. 
Robinson,  Hbnry  Oliver,  Fenchurch  Street 
Routledqe,  Thomas,  Upper  Stamford  Street 
Sale.  Thomas  Henry.  Lieutenant  B.E.,  Surrey  Street,  Strand. 
Sanderson,  George  Samuel,  Bridge  Foundry,  Warrington. 
Schafhaevtl,  Charles,  M.D.,  Munich. 

Shaw,  James  Crescent,  Dublin  Steam  Packet  Office,  Liverpool. 
Simms,  William,  Fleet  Street. 
Simons,  Gsrrit,  The  Hague,  Holland. 

Smith,  Sir  Frederick.  Colonel,  R.E.,  Cadogan  Place,  Sloane  Street. 
Smith,  Geohoe,  Captain,  R.N.,  Navy  Club,  Bond  Street, 
Smith,  John  T.,  Captain,  Madras  Engineers,  F.R.S.,  &c.,  Madras. 
Stansfield,  John,  Woolwich. 
Steele,  Thomas,  Ennis. 

Stephenson,  Rowland  Macdonald,  Kings  Arms  Yard,  Coleman  Street 
Stotely,  Martin  Joseph,  Gower  Street,  Bedford  Square, 
Sylvester,  John,  Great  Russell  Street,  Bloomsbury. 
Taylor.  Frederick  William,  Constantinople. 
Taylor,  Thomas  F.,  Market  Street,  Manchester. 
Thompson,  Alfred,  Eccleston  Street  East,  Pimlico. 
"TowNsEND,  Richard,  Eden  Place,  Woolwich. 
Treherne,  Edmund,  St  George's  Terrace,  Bayswater. 
Tremenueere,  Georqe  B.,  Captain,  B.E.,  F.G.S.,  &c.,  Calcutta. 
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Vetch,  Captain  Jambs,  F.R.S.^  F.G.S.,  Waterloo  Street,  Birmingham. 

Vint,  Henrt,  Crescent  House,  Lexden,  near  Colchester. 

VuLLiAMT,  Benjamiv  Louib,  F..R^.S.,  PoU  Mall. 

Walker,  John,  Maidstone. 

Watkins,  Francis,  Charing  Cross. 

Wells,  John  Neave,  Lieutenant-Colonel,  R.E.,  Hill  Street,  Berkeley  Square. 

White,  Georse  Frederick,  Millbank  Street,  Westminster. 

White,  John  Bazlet,  Jan.,  Millhank  Street,  Westminster. 

Whitworth,  Joseph,  Chorlton  Street,  Manchester. 

Williams,  Charles  Wte,  Dublin  Steam  Packet  Office,  Liverpool. 

Willis,  Paul  Wtnch,  Captain,  B.E.,  Bengal. 

York,  John  Oliver,  Coleshill  Street,  Pimlico. 


VOL.  III. PART  V.  U  U  U 


49G 


BOXORABV  MKMBKR8. 


HONORARY  MEMBERS. 


AiKiM,  Artiicr,  F.G.S.,  F.L.S.,  &c.,  Bloomsbury  Square. 
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Beaufort,  Francis,  Caplain  R.N.,  F.R.S.,  F.R.A  S.,  &c.,  Admiralty. 
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Children,   John   George,   F.R.S.,    L.  &  E..    F.A.S.,   F.G.S.,  F.L.S,.  &c., 

Torringtoij  Square. 
Colby.  Thomas.   Colonel   R.E.,   LL.D..   F.R.S..   L.  &  E.,  F.R.A.S..   F.G.S.. 

M.R-LA..  &c..  Ordnance  Map  Office,  Toner. 
CovoLETON,  Right  Hon.  Lord,  Chester  Street,  Belgrave  Square. 
De  Grey,  Right  Hon.  Thomas  Philip,  Eiu-I,  Baron  Lucas  of  Cnidwell,  Baron 

Grantham  of  Grantham,  Lord  Lieutenant  of  Ireland,  F.R. S.,  F.A.S., 

F.R.A.S.,  Prcs.  Roy.  Inst.  Brit.  Arch.,  &c.,  St.  James's  Square. 
DiiPix,  Le  Baron  Charles,  Hon.  F.R.S.E.,  &  M.R.I. A.,  Membre  de  I'Institut 

de  France,  Sec,  Paris. 
Faraday.  Michael.  D.C.L..    F.RS..  Hon.  M.R.S.E.,   F.G.S.,     Prof.   Chem., 

&c  &:c..  Royal  Institution,  Albermarle  Street. 
Hankey,  William  Alers,  Treasurer,  Fenchurch  Street. 
Herschel.  Sir  John  Frederick  William.  Bart.,  K.H..  D.C.L.,  M.A.,  F.R.S., 

L.  &  E.,  Pres.  R.A.S.,  Hon.  M.R.I.A.,  &c.  &c.,  Collingwood,  Hawk- 
hurst,  Kent. 
Legrand,   Alexis    Victor,   Sous- Secretaire   d'Etat    des  Travaux  Publics,   In- 

specleur  General  des  Fonts  el  Chaussees,  Sic.  &c.,  Rue  St,  Domi- 
nique, St.  Germain,  Paris. 
LoWTHKR,  The  Right  Hon.  Lord  Viscount,  F.R.S.,  F.S.A.,  Sec,  Carlton  Terrace. 
Lubbock,  Sir  Joiix  William,  Bart.,  M.A..  F.R.S.,  F.L.S.,  F.R.A.S.,  St,  James's 

Place. 
Parry,  Sir  Willi  am  Edward,  Captain  R.N.,  F.R.S..  F.R  A.S.,  &c..  New  Street, 

Spring  Gardens. 
Pasley,  Charles  William, C.B.,  Major-Gciieral  R.E.,  F.R.S.,  F.G.S.,  F.R.A.S., 

Chatham. 
Pearson,    Rev.   William,  LL.D.,   F.R.S.,  F.R.A.S.,   &c.,  Compton  Terrace, 

Islington. 
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RooET,   Peter  Mark,  M.D..  F.R.S.,  F.G.S..  F.RA.S..  &c.,  Bernard  Street, 

Russell  Square. 
TooKE,  William,  Honorary  Solicitor,  F.R.S.,  M.RS.L.,  Russell  Square. 
Wallace,  William,  LL.D..  F.R.S.E.,  F.R.A.S..  &c..   Emeritus  Professor  of 

Mathematics,  University  of  Edinburgh. 
Whewell,  Rev.  William,  B.D.,  F.R.S.,  Hon.  M.R.I.A..  F.R.A.S.,  F.G.S.,  &c. 

^Master  Trinity  College,  Cambridge. 
Willis.  Rev.  Robert,  M.A.,  F.R.S.,  F.G.S.,  &c.,  Prof.  Nat.  and  Exp.  Phil o.. 

Cambridge. 
Wood,  Charles,  M.P.,  Eaton  Square. 
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